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I now enter upon the consideration of the fourth topic. As has 
been already stated, the British government in 1714 offered a reward 
of £20,000 to any one who should discover the longitude at sea 
within thirty miles. 

Two methods were proposed for the solution of the problem. 

Morin proposed what is now substantially the lunar method; and 
Maskelyne devoted all his energies to the solution of the problem by 
observing astronomical phenomena, such as the eclipses of Jupiter’s 
satellites. Maskelyne made a trial of this method during a voyage to 
Barbadoes, with an apparatus suspended from the rigging of a ship, 
called Irwin’s marine chair. But the attempt was not successful, 
owing to errors occasioned by the motion of the ship. 

On the other hand, mechanicians devoted every energy to the 
mechanical solution. Huygens had, as early as 1665, in a voyage to 
the coast of Guinea, made the trial of the method by watches, without 
success. ‘T'rial of this method was now renewed with watches made 


* See p. 205 et seg., No. 3, Vol. VII, Proceedings Naval Institute. 
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by this maker, but it was soon found that the method would be of 
little value till some contrivance was devised for correcting errors 
produced by the variation of the temperature. At last Harrison, by 
the very perfection of his workmanship, produced a chronometer with 
which a trial of the coveted prize was made in a voyage to Jamaica, 
As the longitude of the island differed from that shown by his chro- 
nometer by only ten and three-quarter miles, he claimed the reward, 
which, after a successful second trial, was awarded to him. 

We have, then, two essentially different methods for the determina- 
tion of the longitude at sea: 

(a) By lunar distances, occultations, and eclipses of Jupiter's 
satellites, &c. 

(4) By chronometers, assuming a constant rate throughout the 
entire voyage. 

The latter method has for a long time been regarded as far more 
reliable than the former. Let us examine into the grounds of this 
opinion. We are, at the outset, met with the difficulty that in observa- 
tions at sea we have no means of comparison with the truth. It is 
not sufficient to say that several observations agree with each other. 
Agreement inter se may be quite a different thing from agreement 
with the truth. We are obliged to have recourse to observations 
made on land, and then find, if possible, some means of comparing 
the value of these with those made at sea. 

Even in the determination of the positions of fixed observatories, 
in which appliances for the utmost refinement are at hand, the values 
derived often vary widely from the truth. As late as 1755, a century 
after the establishment of the observatory at Greenwich, the difference 
of longitude between that station and the Paris observatory was 
assumed to be 9m. 16s. Gen. Roy, in the progress of the trigonomet- 
rical survey of England, obtained the value 9m. 18.8s. In 1796 9m. 
20s. was assumed to be the correct value. In 1830 it was found to 
be 9m. 21.5s. from one thousand transits of moon and _ stars, while 
the actual difference, 4s determined by the telegraphic method, was 
found to be 9m. 20.6s. We have here a variation of 5.5s., or one 
and one-quarter miles. 


The range of the earlier determi f the @iference be en 
the longitude of Greenwich and Brus. _is is ter a A thorough 
discussion from moon culminations in 1836 gay v ich differs 
from that since found by the telegraphic meth: ver le o indicate 


the magnitude of the errers of longitude of tat 
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Boston, from transits of planets over the sun and from eclipses, | 
give the results of the several determinations by Dr. Bowditch: 
g : 


State House from Greenwich from Deviation 


Gree nwich Harvard Col’ge. f’m truth, 
A. m, S A, m s s. 
From transit of Mercury ...1743 4 44 19.2 4 44 31.6 — 0.7 
Eclipse of the sun..........1766 17.5 29.9 + 1.0 
From transit of Venus ...... 1769 18.0 30.4 + 0.5 
Eclipse of the sun.......... 1778 14.9 27.3 + 3.6 
“ “ F. pepamedsiad 1791 18.0 304 +05 
“ “ ee 11.8 24.2 + 6.7 


We have here an absolute error of 2.2s., or more than one-half a 
mile, with a range of 10.3s. In passing, I may say that these results 
are a remarkable approximation to the true value, but they were 
deduced by one of the greatest and most practical mathematicians 
then living. ‘They are, however, hardly comparable with any single 
observation, either on land or sea. During the time it would take an 
ordinary computer to “work up” these observations, a fast-sailing 
ship would be well on her journey around the world. 

Perhaps the best illustration of the uncertainty resting upon the * 
early determinations of longitude is furnished by the various values 
of the longitude of Washington, which have been given. 

In 1822 Lambert found for the longitude of the Capitol : 


Occultations in 1793...... A= 5 v4 Ded 
: — 7 37.7 
Eclipse in 1811............ 8 21.8 
Ree cssenckeaes 7 43.5 

Valu adopted weeeus 5 7 42.0 


Elliott in the same year found 4 = 5h, 8m, 7.2s., but his value was 
rejected from the mean given above, on account of its supposed dis- 
cordance. We have here a range of over nineteen miles, and the final 
value is nearly six miles in error. 

Even in the determination of the lv... “‘ ude of the present observatory 
there is compari.’ ly a wide range beuween the different results. 

Adopting 2 = 5h. 8m. 12.1s.. we have: 
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Value Found Correction 
a i. s. s 

Bond Chrvu .omeier expedition.......... 1849-50 5 8 12.0 + 0.1 
- Pit =“ jonustemee 1851 12.3 — 0.2 

“ « w "" Je cetieaeel 1855 13.4 —13 

( Loomis..... 58 7.4 + 4.7 

Cee 10.0 + 2.1 

From moo culminetions< Bac! want 9.9 + 2.2 
| Newcomb . . 1860 116 +05 

| Newcomb . . 1862 9.8 + 2.3 

ia a eee 11.1 + 1.0 
a eT eee ; ae 116 +05 
Occultation of Pleiades....Pierce ...... 114 + 0.7 


We have here a range of 6s., or one and one-half miles, while the 
mean is in error 1.3s. 

Two hundred and six moon culminations gave a longitude for San 
Francisco which has since been found to be 4s. in error. 

The telegraphic determination of the longitude of Lisbon, by Lt. 
Comdr. F. M. Green, U. 8. N., giving a result 8s. different from the 
accepted value, is the mc*t recent instance of an erroneous value. 

These examples are sufficient to show that it is no easy task to 
determine accu :tely the geographical position of a point on the 
earth’s surface, even under the most favorable conditions and with 
the most perfect instruments. 

Resuming our investigation, we begin with moon culminations. 
These, though essentially the same in principle, are probably somewhat 
more accurate than lunars. , With the exception of the Willet’s Point 
observations of lunars, we are obliged *» limit our investigation to 
observations of nearly the same class, viz. moon culminations. These 
are more accurate when the longitude lepends upon observations at 
both of the s‘atious to be determined, since the errors of the tables 


of the moon s ‘us for the most part eliminated. 

In the case ed observatory whose position has been ascer- 
tained by othe more accurate methods, we have the data for 
testing the acc y of this method. Before the application of the 


telegraphic me « of determining longitude, many observations of 
this class were) Je. I have collected and reduced the most impor- 
tant of these wi the following results. All the observations made 
during a given year were grouped according to the limb of the moon 
observed. The number of observations for each limb a. _ the number 
of years during which the observations were continued are given in 
the following table: 
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rst Limb No. of 2d Limb No. of 
Places of observations. Limiting years. observations. Limiting years. observations 

Washington .. Edinburgh... 1839-41 67 _ 1839-41 23 
Washington .. Greenwich... 1839-42 61 1839-42 42 
Washington .. Hamburg.... 1839-42 65 1839-42 , 
Washington .. Oxford ...... 1840-41 39 1840-41 

Washington .. Cambridge, En. 1839-42 58 1839-42 

Greenwich .. Hudson...... 1839-42 57 1839-40 16 
Cambridge .. Hudson...... 1839-44 74 1839-42 ; 
Edinburgh .. Hudson...... 1838-43 86 1840-42 15 
Oxford . Hudson...... 1840-43 30 1840- 5 
Hamburg .. Hudson...... 1839-44 58 1842-43 19 


Omitting all details, the following results were obtained from these 


investigations : 


Washington (Old Observatory) and Greenwich. 


A= 5 5 2.2 
Lim! No. of Mean Extreme range 
of moon. obs. Corr in each year, 
<< I 60 —1,38 “ 
Washington .. Greenwich............... : 25 
ashi gor xreen i¢ h eeoeessee Il 41 aut 6 23.0 
an . ; oe 64 —5.1 
Washington .. Greenwich via Edinburgh . tI 9% —08 21.8 
Washington .. Greenwich via Oxford.... +! Be —5.4 21.6 
I] 13 —0.4 
, ‘ . . ‘ . I 57 0.8 
Washington .. Greenwich via Cambridge Il 93 = 6 19.9 
> . 7 : 69 ==3 6 - 
Washington .. Greenwich via Hamburg. . . 12 _oK 21.6 
Washington and Edinburgh. 
Observations at each Station. 
Average deviation Extreme range 
from mean for between different 
No. observations each year years. Coefficient 
2.4s. 21.8s. 3.6 


Camp Riley, Boundary between United States and Mexico. 


From tabular places of the moon. Comparison with mean value. 


5 s. 


15 8.3 35.3 4.3 
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Hudson, Ohio. 


Comparison with the mean value of series 


Average deviation Extreme range 


from mean each between different 
No. ob year, years Coefficient 
Hudson and Greenwich. 73 5.0 20.2 4.0 
Hudson via Cambridge... 74 5.2 18.2 3.5 
» “ Edinburgh... 101 7.1 17.1 2.4 
“ S Gries ...:. 35 7.6 13.6 1.8 
“  Hambrr 77 6.7 18.0 2.7 
Bro ssels and Greenwich. 
Brussels and Gre nwich.. 17 6.1 14.3 2.3 
" via Cam dge.. 15 3.2 11.7 3.7 
° “ Edinburgh.. 17 7.0 27.6 3.9 
as * Geeeescecic © 3.8 16.6 4.4 
F. G. W. Struve in Turkeu w 22-inch Transit. 
Compa alue. 

Paris .. Jassy...... eave BI 36.9 4.5 
—_- 4a 7 21.5 1.5 
o JE cal» .eewows 11 29.2 4.0 
— i = — ne 7 0 18.7 3.7 
*. «sR cccocsce 8 3.5 16.2 4.6 

| lt 8.4 39.2 4.7 
e 26 ike cesta ces 18 9.7 41.5 1.3 
= (ee 12 5.7 21.2 3.7 
oe) | arene Ss 7.8 95.9 3.3 


WILLeET’s POINT. 
Comparison with transit observations. 


From moon culminations 


1869 18 12.6 64.4 5.1 

American.. 1870 17 14.5 67.5 4.7 
Ephemeris. 1871 1: 7.2 31.3 4.4 
1872 6 2.9 9.0 3.1 

1869 is 12.5 17.9 3.8 

British .... 1870 18 16.6 71.0 4.3 
Ephemeris. 1871 13 17.7 76.9 1.3 
- 


1872 6 8.9 24.4 204 
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From lunar distances. 


1870 os 34.9 67.4 1.9 


1871 ‘iv 37.8 143.0 3.8 
1872 és 19.5 80.9 1.6 


As an illustration of the error of Mr. Main’s statement that the 
lunar problem is completely solved, I add the details from the Willet’s 
Point observations for 1871: 


From Moon Culminations. 


Corr. by British Corr. by American 

Date Ephemeris Ephemeris 
January 30 — 52 — 17.1 
September 25 — 24.2 — 9.1 
26 +°14.9 + 16 

27 + 11.0 + 14 

27 + 22 — 84 

8 — 29 as 

* 28 — 16.2 — 12.1 

29 — 10.1 — 10.0 

October 23 — 14.6 + 11.9 


- 27 + 78 + 0.9 
1 27 + 18.9 + 14.2 
“ 28 + 50.2 + 0.0 
os 28 + 52.7 + 0.1 


From Lunar distances for 1870. 
With Sextant. 


Date Corr 
January 27 + 19.1 
September 3 oo 47.0 
October 19 — 18.4 

29 — 1.0 

30 — ()2 
November 1 — 38.0 
“ 6 — 96.0 

29 — 82.3 


Finally, we have fortunately on this point positive and conclusive 
testimony from the observations of Mr. Fisher, astronomer on Capt. 
Parry’s second voyage. He found that the mean of 2500 observations 
in December differed ten miles from the mean of 2500 in the follow- 
ing March, and that the mean of a still larger number made on both 
ships differed ten miles from those in March and twenty-four miles 
from those in December. It is the testimony of Capt. Heywood that 
any set of lunars may be expected to differ 6’ or 7 from any other 
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set equally good, taken at a different time of the year, and this inde- 
pendently of accidental errors. 
Collecting results, we hav 
Average Range bet. Coefii- 


Place and Circumstances of Observation error greatest cient 
nd least 


Greenwich—Edinburgh. Observations at each sta 


n, compared final result with truth ........... 2.4 21.8 9.0 
Washington—Greenwich. Observations at each sta- 
tion, compared final result with truth...... ... 2.1 21.6 10.8 
Hudson—Greenwich, compared with mean result 
for each station. eT er Tee Te exivewnnges 6.3 17.4 2.9 
Brussels—Green wic , compare nd with mean result 
Se EE Screen sccwesesvecccnsesececes 5.0 17.6 3.5 
Places in Turkey with Paris, compared with mean 
ee ee eee 6.7 27.8 4.1 
Camp Riley, comp’d of mean with tabular plac es.. 14.0 55.0 3.9 
Willet’s Point, compared with transit observations— 
From American Ephemeris.............00..00. 9.3 43.0 4.6 
From British Ephemeris....................... 14.0 55.0 3.9 
Lunars compared with know n positi eee 40.7 97.1 2.4 


For fixed observatories, with the most perfect instruments, we must 
therefore expect from the lunar method of moon culminations an abso- 
lute error of 2.2s. within a range of 21.6s. as the result of «:.y numbe: 
of observations. ‘l'hese results correspond in a general way with an 
investigation made by Professor Pierce. lie found the ultimate limit 

be + 0.55s. when one limb of the moon was observed. He says: 
“Beyond this it is impossible to go with the utmost refinement. 
By heaping error upon error, it may crush the influence of each 
separate determination, but does uot diminish the relative height of 
the whole mass of discrepancy. But this discrepancy between the 
results for different limbs of the moon often amounts to 10s. in the 
mean determination of a year.” The assumption that the ultimate 
limit of accuracy is as great as 1s. seems to be a very :noderate widen- 
ing of the limits. i find it to be 2.2s. 

For fixed observatories, comparing with the mean result at any 
station, we must expect a relative error of 6.0s., with a range of 20.9. 

For fixed observatories, using the moon’s tabular places, we must 
expect. an error of 12.48. with a range of 51.0s. 

For lunar distances, with the sextant, on land, we must expect an 
error of 40.7s., with a range of 97.1s. 

For single lunar observations at sea these quantities should have @ 
coefficient at least as great as three additional units. 
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It will be noticed that the coefficient is much larger for compari- 
sons with known values than for comparisons with the mean of a 
given series. 

I now take up the subject of chronometers, and make a similar 
investigation. 

The sources of error are: 

a) Variations of rate, arising from the action of magnetism. 

The only observations under this head that I can find are tiaose 
made by Mr. Fisher and by Professor Airy. Mr. Fisher made a very 
elaborate series of experiments, from which he found that the earth’s 
magnetism changed the daily rate in one case 4.5s., in another 3.2s., 
and in another 4.1s. 

Professor Airy made similar experiments and found similar results, 
the extreme variation on account of the influence of terrestrial mag- 
netism being 5.8s. He found the following rates for Brockbanks, 
No. 425: ; 

When the figure 


XII was north, rate = 4.64s. 


* eust - — 8.70 
south “ = 9.61 
“ west « =3 6.76 


He also found that the action of terrestrial magnetism could be 
eliminated by placing the chronometer on the top of a compass-box 
whose needie was perfectly free, provided the elevation was properly 
adjusted. When this adjustment was made he found for- 


XII N. rate = 9.248. 


b& “~ = 9.41 
“~s «© = 9,95 
“WW. * = 10.03 


This cor’esvonds with muy own observations in the case of clocks. 
[ have lon» uticed that the Cambridge and Boston clocks gain and 
lose together, due to some kind kind of a sympathetic action between 
the two. 

(6) When chronemeters are swung on the same support it is 
probable there is a ympathetic action between them similar to the 
results recently found with the transit of Venus clocks. 

(c) Variation on account of change of barometric pressure. ‘This 
varies between .3s. and .8s. per day for every inch of change in the 
barometer. 
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(d) Variation between land and sea rates. The elder Professor 
Bond made a full investigation of the average difference between the 
land and sea rate, and found them essentially the same. It had beea 
previously assumed that there was an average gain of the latter over 
the former. But in individual cases there are, without doubt, great 
changes of the rate, arising mostly from careless handling in transpor- 
tation to the ship. 

Almost every chronometer will change its rate when its cireum- 
stances, either of rest or motion, are changed. ‘The Boston standard 
clock of Messrs. Bond & Son almost invariably has a different rate 
on Sunday from any other day of the week. So, also, it takes a new 
rate when the streets are covered to any considerable depth with 
snow. 

The jar of machinery affects the rate; hence the rate of a sailing 
vessel is more steady than that of a steamer. 

(e) Variation of rate at sea, on account of change of temperature, 

Mr. Hartnup, of Liverpool, was the first to give the chronometer 
rate for different temperatures. So far as I can find he is the only 
one who does so now, and yet failure in this respect occasions errors 
of enormous magnitude. In one case which Mr. Hartnup instances, 
if the navigator had relied upon his average rate he would have been 
nearly sixty miles in error. ‘This is a reform in rating chronometers 
which is imperatively demanded, and it is one easily accomplished, 

Let us now attempt to determine the limits within which a 
chronometer can be depended on to give the longitude aut sea. Here 
we are limited in a great measure to the performances of chronome- 
ters on land, inasmuch as at sea we have no means of comparison 
with » normal standard. The chronometer tests at the Greenwich 
observatory, however, afford abundant facilities for ascertaining the 
performance of chronometers under varying conditions of tempera- 
ture. I select for discussion three series—the first from 1842 to 1852, 
the second from 1853 to 1862, and the third from 1863 to 1871. The 
quantities to be determined are the greatest difference between the 
rates during a given trial, which usuaily extended over a period of 
about six months, and the greatest difference of rates between one 
week and the next following. 

The only rule followed in the selection of the chronometers chosen 
for these tests has been the preference given to makers who entered their 
chronometers the greatest number of times during the entire interval 
from 1842 to L871. The method of proceeding Wiis as follows: Hav- 
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ing selected for this test, ¢. g., the chronometers of Frodsham, the 
gnaatities sought were obtained from the chronometer tests recorded 
in the volumes of the Greenwich observations between th irs 1842 
and 1871. Inasmuch as the value given for each group is a mean 
value, derived from the number of chronom< ‘ers entered for trial 


between the limiting dates, | have added the greatest value for a 


given series. The addition of these columns ts Important, sii the 
liability to error is as great as the st range of error 
The temperature at which the c "ons made varies from 


apout 35° to about 95° Fahrenheit. she variation of rate under 
nearly the same temperature will appear from the column “ Greatest 
range in daily rate between one week and the next following.” 


CHRONOMETER KATES DETERMINED AT THE GREENWICH OBSER- 
VATORY UNDER VARYING CONDITIONS OF TEMPERATURE. 


Maker : . 3 bo 


Mean by weights 


] 
Appleton, 


{ 1842-52 9 WW 7 7 6 
« 1853-42 6 10 y 2 10 


Number of Chri 
nometers. 1 1863-71 Q Q 8 - g 
53-7 { r ' 


Ste 


Greatest range of ( 1842-52 |3.37 2.74/8.20 3.74 4.40)5.56/2.43) .. 3.212.07 3.70 3.29'2.90'3.40 
daily rate dur- 4 1853-62 |2.67 3.91,3.25 3.47 3.64/6.11/5.003.723.143.24 .. . . 13.83 
ing trial. ( 1863-71 |2. 41 1.79/2.24 3.72 2.06)2. 71/3. 54) 1.85/2.20 2.41 
——- —— 1842-52 5.56 7.745.905.5090 8.73)9.11 3.39) . 5.10 2.59 6.40/7.5,\3.97/5.75 

Greatest range in ) 1853-82 (4.16 5.31/4.70 4.14 7.00/1260 7.50/5.606.773.24 .. .. | .. (610 
ee ae ( 1863-71 4.40 2.91)2.87 3-49 2.41 4.24 5.60/2.63 2.77 3 ee 3.48 

(ireatest range Of ( 1eyo 59 1.87)1.54)2.08)1.562.50/3.24 1.67| .. (1.95 .0.99 2.14 1.76)? .76|1.91 
ao a ; _ 1953-62 1.79 1.93) 1.73/1.34/ 1. 79/2. 70\2.29]1.33/1.632.17) .. | .. | .. [1.88 

ek Ti 1e “$- . ~ - 4p ° > Q 
next following. 1863-71 1-20)1.01)1.07)0.87| 1.16) 1.81'2.47/0.85)1.13 1.1 

iid 1842-52 3.04 2.87/4.91/3.01'3.63)6.37 3.10 3.53 1.66 4.51 5.00/3.00/3.74 

Greatest range in } 1953 42 2. 79/3.308.64 1-43/3.71\6.49 5.57)1.53 4.60 2.17 = | 1: an 
—— (1863-71 2.34 1.90) 1.60)1.53 1.97)4.11 4.87/1.86 1.44 2.35 


In order to exhibit still further the variations due to a change of 
temperature I have selected from the Greenwich reports for the years 
1867—-68-69-70-71 five chronometers showing the best performance, 
and five showing the poorest performance. ‘The observations cover a 
period of four weeks, during which time the chronometers were sub- 
jected toa high temperature (about 95°), and during the period of four 


weeks immediately preceding, under ordinary temperature. 
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The headings explain the operations performed. 
Mean daily rate Mean daily rate Var'n bet. Range of daily Range of 
under ordinary under high ordinaryand rate under daily rate 
Year. Class. Maker. temperature. temperature. high temp. ordinary temp. un high t. 
1867. ( Sewill.... —2.21 0.55 68 ™ 
Gowland ms) — 1.21 i) 51 31 
Best..-. 1 Birchall.. — 1.13 —1.11 02 Al Al 
Dent ..... + 151 + 2.12 1 mo 90 
Hennesy. 59 — 43 16 nt) Al 
f Lister.... + 2.37 + 0.57 2.94 0.39 0.43 
, Shepherd + 1.29 + 1.75 0.46 .78 a ii 
Poorest { Poole.... —0.2%5 + 3.83 4.08 80 1.49 
| Crisp..... + 7.96 410.34 2.38 9 1.63 
L Johansen + 0.12 + 0.4 0.31 1.30 2.04 
1868. { Birchall. 50 — 16 0.14 21 
| Fletcher. — 1.66 — 1.71 05 2B 8 
Best .-. 4 Davison. 62 1.01 39 34 14 
| Gowland — 1.61 1.24 BT TT 36 
\ Young .. Te 1.01 28 19 23 
{ Sewill....+ 113 + 0.36 one 0.19 3.29 
a + 1.91 1.865 46 36 
Poorest < Birch .... —116 + 1.09 2. 1.21 7b 
Dell.....- + 1.30 + 3.21 1.91 1.64 56 
Glover...— . + .& 1.47 79 2.18 j 
1869. {f Fletcher. — 0.52 0.62 10 30 20 
| Whiffen.. 17 58 Al 79 O04 
Best... } Dent. ...— .29 - £8 Hh 38 4 
} Kullberg 12 + 34 46 43 30 
\ S + wv + 24 4 36 AB 
{ Carter.... + 0.39 ma) | 00 7 61 
| Glover... — 7.67 5.02 2.65 BO 1.84 
Poorest { Fletcher. — 2.64 3.47 83 36 36 
| Cairns...— 51 251 2.00 51 1.07 
. Shepherd — 3.28 + 0.03 3.31 A 61 
1870. { Dent..... 13 J Al 3 51 
| Chittend.+ .22 09 Al 3 46 
Best... 4 Reid..... — .76 34 2 4 53 
| Low EF ose 91 1.00 09 20 60 
\ Kingston + .28 - 16 86 21 
{ Reid .... 1.34 0 4 91 91 
Webb.... 05 2.52 2.47 38 ow 
Poorest 4 Whiffin.. — 2.06 + 5l 2.57 o] 1.81 
Eiffe..... 2.53 -98 155 71 1.7 
‘ Gowland.— .46 3.92 3.46 1.83 3.01 
1871. { Frodsham 93 — 1.23 30 83 | 
| Weichert — .54 .68 4 .69 51 
Best.. { Kingston 38 13 40 53) Al 
| Dell...... — 1.12 - 119 OT 4 al 
\ Gowland + .39 + .88 AD 43 56 
Gowland — 2.43 — 1.18 1.25 .19 1.14 
Hennesy.— .08 3.09 3.11 $9 79 
Poorest { McGregor— 3.25 + B 4.09 70 38 
| Shepherd — .28 — 3.%5 3.47 33 a 
\ Reid..... — 1.88 + 2.59 4.47 0 36 
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Summary. 

Mean diff. of daily Greatest Range of daily Range be- Range of Range be- 

rate between variation rate under or- tweendif- daily rate un- tween dif- 

high and ordinary f daily dinary temper- ferent chro- der high tem- ferent chro- 

Year. temperatures rate, ature in i mo, nometers. perature in i mo, nometers. 

Best. 

. . . : s 
1967 36 66 4 88 56 51 
1868 5) 39 2 22 AT 538 
1969 22 5H 44 .49 21 42 
1870 39 16 AS .55 46 .39 
1871 28 49 56 5D 43 25 
Means 22 57 43 aa 43 42 


Poorest. 


1867 2.03 4.08 20 91 1.15 1,87 
1868 L455 2. a4 1.45 1.43 2.93 
1869 1.94 3.39 5b 4 90 1.48 
1870 2.18 3.46 31 1.54 1.70 2.01 
1871 3.28 4.47 40 51 .78 78 
Means 2.20 3.51 70 0.97 1.19 1.81 


From these tables I draw the following conclusions : 

(a) There was a very marked and steady improvement in the con- 
struction of chronometers between 1842 and 1871. The greatest 
range of daily rate during the entire trial fell from 3.40s. in 1842-52 
to 2.418. in 1863-71. The greatest range of the daily rate between 
one week and the next following was reduced from 1.91s. in 1842-52 
to 1.19s. in 1863-71. ‘These were the palmy days of chronometer 
construction. I have made only a partial discussion of the trials 
since 1871, but the evidence is pretty conclusive that the averages 
are larger than for the period 1863-71. 

(6) Under the most favorable conditions for the excellent perform- 
ance of chronometers, the average change of the rate between one 
week and the next following exceeds 1.2s. Of course, with the newly 
acquired rate the accumulation of error will be proportional to the 
time until another change takes place. 

(ec) The average liability to error in the daily rate between one 
week and the next following is not far from 3 seconds. 

(d) The ratio-value between the average of first-class chronometers 
and the average of poor ones is nearly as 1 to 7. 
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ON THE MAGNITUDE OF THE ERRORS OF CHRONOMETERS EMPLOYED 
IN SHORT AND REGULAR SEA VOYAGES. 

It will be allowed on every hand that a discussion of the actual 
errors of the chronometers used on the Cunard line of steamships 
will exhibit results considerably better than the general average, 
The well-known skill of the nav igators in the service of this company, 
the perfection of every appliance, the general sameness of the condi- 
tions of each voyage, the number of chronometers employed, and the 
accurate rating of each chronometer at the beginning and end of each 
voyage by comparison with the time from fixed observatories, all con- 
spire to give the most favorable results which can be expected from 
the performance of chronometers in the present state of chronometer 
construction. With the assistance of Mr. Aug. McConnell, I have 
made a discussion of the chronometer errors of the Cunard steamers 
sailing between Liverpool and Boston during the years 1871-1872 and 


1873. 
Oh ronometler Rates on Cunard Steame re. 

Mean R inge Mean 

err ferror error 

Steamer Dare of Length atend between of 
urrival ot fal rora nadofrvoya f Nos. 1,2 daily 

Moston, vowage. Chron. N« Chron. No.2, Chron. No, 3, voyage. and 3 rate, 
1871, Nov. 20. 14 days + 98 2.8 5.6 0.5 15.4 0.08 
1872, Feb. 29. 17 + L7 + 17 20.4 5.7 2.1 0.38 
< “ April 8. 14 9.8 5.6 5.6 7.0 4.2 0.50 
~ May 17. 16 9.6 253.6 62.4 S25 28 86 2.08 
2 June 9. 14 + 5.6 25.8 21.0 13.1 20.4 0.% 
< * july @&M 2.8 1.2 4+ 5.6 05 9.8 0.08 
™ 1973, March 20. 17 + 0.0 +. he 2.5 51 0.15 
1872, April 18. 35 3.0 1.5 + 15 1.0 45 0.0 
“ May 2. 22 +-12.0 + 6.0 +18.0 12.0 12.0 1.00 
June 2. 13 5.2 1.3 +-13.0 3.2 18.2 0.17 
£ July $1. 14 +14.0 + 0.0 + 8.4 7.5 14.0 0.58 
* Sept. 3. 13 + 5.2 + 13 +13 2.6 3.9 0.20 
2 = Bev. 13. 16 + 4.8 + 6.4 3.2 2.7 9.6 0.17 
3 “ Dec. 18. 16 + 48 + 8.0 Br! 6.4 3.2 0.40 
> 1873, Feb. 3%. 21 +-12.6 + 2.1 12.6 0.7 22 08 
* Mareh 13. 17 +-10.2 +15.3 + 5.1 10.2 10.2 0.60 
1871, Dec. 5. 15 + 15 +-27.0 . 2.7 28.5 0.85 
1872, Jan. 15. 21 2.1 +46.2 + 0.0 14.7 18.3 0.70 
* Feb 20. 15 + 9.0 + 24.0 + 3.0 12.0 21.0 0.80 
Mareh 27. 16 + 9.6 +144 + 0.0 8.0 14.4 0.50 
May 6. 18 + 3.9 +13.0 + 9.1 8.7 9.1 0.67 
June 11. 18 — 13 + 2.6 +13 0.9 3.9 0.07 
< “ Juiy 16. 13 — 6.5 + 0.0 1.3 26 65 O02 
= “ Ang 19. 12 -12 + 0.0 + 36 0.8 48 OM 
> “ Sept. 24.13 ~ 3.9 1.3 13 2.2 26 860. 
= * Oct 29. 13 — 2.6 + 11.7 19.5 3.5 31.2 0.27 
* Dec, 13. 13 +10.8 + 5.4 +14.4 10.2 9.0 0.57 
1873, Jan. 17. 18 +10.8 +18 - 18 3.6 12.6 0.2 


“ March 3. 14 + 18.2 — 14 + 84 8.4 19.6 0.60 
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Ohronometer Rates on Cunard Steamers— lontinued. 


Steamer. Date of 
arrival 
at Boston 
< 1871. Nov. 
E 1972. Feb. 
= “ March 
» 1871, Dec. 
3 1972, Feb. 
ms *“ March 
é April 
1872, Jan. 
* April 
“ June 
July 
< Aug. 
2 “ Sept. 
= “ Oct. 
Dec, 
1873, Jan. 
“ Feb. 
April 
1871, Dec. 
1872, Jan. 
March 
April 
; May 
< July 
= Aug. 
= Sept. 
= © Oct. 
“ Nov. 
Dec. 
1873, Feb. 
“ April 
1872, Jan. 
< * Feb. 
»« “ March 
< Nov 
E1873, Jan. 
e “ Feb. 
“ April 
1872, Aug. 
a ™ Sept. 
§ “ Nov. 
< 1873, Jan. 
=o Feb. 


March 


Ler gti 


voyage ( 


27. 14 days. 
5. 14 


29. 11 
19. 15 
2. 18 
14. 16 
24. 14 
17. 16 
29. 12 
4.13 
10. 14 
13. 13 
7. 1 
23. 14 
5. 17 
13. 21 
17. 14 
1 
M4. 
2H. 18 
5. 
23. 13 
8. 13 
3.14 
5. 12 
10. 18 
16. 14 
m). 14 
31. 22 
7. 18 
M4. 2 
3. 16 
15, 17 
2. 16 
2. 14 
i). 14 
2h | 
‘. 14 
29. 1 
30. 12 
7. 
4. 19 
12. 16 
24. 14 





Tota 
1 N 

4+ 5.6 
+ 9.5 
+ 33 
+ 6.0 
— 18 
+ 3.2 


+ 0.0 
12.0 
5.2 
1.4 
+- 2.6 
10.4 
7.0 
10.2 
4.2 
4+- 4.2 
16.5 
7 31.5 
4. 3.6 
9.0 
9.1 
+- 2.6 
4.2 
+ 6.0 
1.3 
4+. 5.6 
1.4 
+ 2.2 
L 9.0 
+ 1.2 
4+. 4.8 
+-18.7 
1.6 
1.4 
7.0 
4.5 
28 
12.0 
+ 3.0 
15.7 


+ 0.0 


7.0 


3.3 
1.5 
t 5.4 
+-22.4 
1.6 
+ 3.6 
4- 2.6 
+ 2.8 
4+.16.9 
+11.7 
1.4 
4.952 
7.0 
— 7.5 
ib 
+- 54 
+ 1.5 
3.9 
+ 0.0 


++ 


+ +++ 


+24.0 
+-16,2 
+ H.0 
+ OO 
+ 4.2 
+ 3.6 
+. 3.9 
+ 9.8 

36.4 
oo 4.4 


3.6 


13.0 

14.4 
+ 4.5 
+11. 
+ 0.0 


92 


Mean Range 
error otf error 
at end between 
ot Nos. I, 2 
voyage. and 3 
3.7 4.2 
O83 0.0 
2.7 12.1 
* 
1.0 7.5 
0.6 10.8 
11.7 19.2 
5.1 6 
1.1 1.6 
2.0 15.6 
5.6 16.9 
6.5 19.6 
6.9 15.6 
3.9 22.1 
3.7 5.6 
11.9 3.4 
2.1 39.9 
6.5 20.4 
9.0 15.5 
20.0 27.0 
8.4 12.6 
0.5 15.0 
1.3 9.1 
3.5 7.8 
4.2 14.8 
4.8 2.4 
3.5 9.1 
&.0 5.6 
9.2 44.2 
3.3 2.2 
1.2 14.4 
1.0 8 
3.7 1.6 
7.4 18.7 
5.9 8.0 
9.8 23.8 
223 1.4 
2.5 12.0 
05 6 
26.5 58.5 
18.8 27.6 
2.5 4.5 
5.5 35.6 
8.5 25.6 
11.2 21.0 


Mean 


error 


ot 


daily 
rate 


0.26 
0.70 
0.26 


0.07 
0.08 
0.73 


0.56 


0.07 
0.17 
0.45 
0.46 
0.58 
0.30 

26 
0.70 
0.10 
0.46 
0.60 


1.33 
0.47 
0.08 
0.33 
0.27 

a 
0.40 
0.27 
0.63 
0.68 
0.15 
0.07 
0.33 


0.233 
O28 
0.37 
0.70 
0.16 
0.17 
0.08 


oo}! 
» bo mt oH m2 
sa 53 


¥, 
ao 


0.80 
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Average Results. 





Ay Av.error Range between 
Error of atend of greatest and Range between Greatest 
Ne. of Av.length daily of least value three value 
Steamer. voyages. of voyage. rate. voyage. of series, chronometers. of series, 
_ EE es, 
Palmyra, 7 14.7 days. £0.57 8.83 32.0 19.83 . 28 
Olympus, 9 15.2 0.35 5.08 113 11.20 %.2 
Samaria, 13 14.9 0.44 6.77 13.9 16.27 48.3 
Hecla, ll 14.7 0.37 5.29 10.8 16.65 39.9 
Parthia, 3 13.0 0.41 5.47 6.9 5.43 12.1 
Tripoli, 4 15.8 0.30 4.60 11.1 12.52 19.2 
Siberia, 13 14.9 0.40 5.84 19.5 13.77 46.2 
Batavia, 7 15.2 0.30 4.59 9.3 2.16 23.8 
Malta, 6 15.2 0.86 12.16 24.0 28.97 58.5 
Means, 8 15.4 0.44 6.52 15.42 15.20 36,22 


Chronometer Rates on Sailing Vessels, 


The chronometers in this discussion were selected without regard 
to rates, excupt when the variation exceeded 2s., and the chronome- 
ters needed repairs at the end of the voyage. The materials for this 
part of the discussion were furnished by Mr. McConnell. 


Total er- Total er- 
ror at ror at 
No. of Length of end of No. of Length of end of 
Maker chron voyage voyage Maker chron voyage voyage 


5 


Bond & Sons. 219 182days. 18.2 Bliss & Creighton. 818 122 days. 48.8 


239 80 0.0 1307 81 16.2 
233 RE 33.6 1823 99 128.7 
163 100 30.0 878 4 64.0 
173 71 0.0 782 144 86.4 
278 14 4.4 1131 80 160.0 
22 BD 15.0 1888 3 21.0 
19a 178 17.8 2004 77 154.0 
275 45 4.5 1850 48 24.0 
192 4 37.0 815 82 2.8 
Hutton. 265 134 12.4 Negus. 1091 a | 30.6 
195 93 29.2 709 98 46.5 
492 78 7.8 1151 31 15.5 
366 147 4.1 1000 107 214 
718 81 5.4 1178 88 88.0 
wi 141 42.3 812 181 24 
382 21 14.7 1154 95 28.5 
43 nO 2.0 848 44 114 
“29 20 12.0 1048 nD 16.5 


160 40 12.0 R29 113 33.9 














Maker. 


Garraud. 


Poole 


Adams. 


THE 
No. of Length of 
chron voyage, 
5175 102 days. 
2182 173 
2552 7 
776 o 
2185 149 
321 221 
A210 56 
2614 3t 
5LIT 219 
1965 177 
3336 14 
240 133 
1920 13) 
1712 258 
1209 21 
1674 101 
2477 19 
3849 14 
1628 190 
3805 lt 
38895 204 
4225 112 
Tr RO 
4118 Th 
4228 138 
726 19 
534 84 
766 21 
656 3 
1102 2 


COEFFICIENT OF 


Total er- 
ror at 
end of 

voyage. 

14.4 
51.9 
61.6 
6.7 
44.7 
14.7 
16.8 
17.0 
87.6 
141.6 


5.6 
146.3 
774 
3L5 
50.5 
4.9 
4.2 
19.0 
15.4 
88.2 
156.8 
8.0 
7.5 
165.6 
3.8 
42.0 
4.2 
9 

1.0 


Collecting results, we have: 


Maker 


Bond & Sons, 


Bliss & Creighton, 


Hutton, 

Negus, 

Berraud, 
Frodsham, 
Poole, 

Tobias, 

Adams, 

10 other makers, 


Means, 


Av. length 
voyage, 


SAFETY IN 


Maker. 


Frodsham. 


Tobias. 


10 other makers. 


of Av. error of 


daily rate 
s 


0.19 


84 days. 
80 0.92 
vi) 0.29 
Re} 0.42 
27 0.47 
125 0.4 
98 0.40 
78 0.38 
83 0.58 
7 0.61 
91 0.48 


NAVIGATION, 


No. of Length of 
chron. voyage. 
2267 149 days. 
183 47 
2470 96 
1808 109 
2528 135 
1945 138 
2565 19 
2427 56 
2502 263 
2690 62 
1302 7 
1472 23 
1200 87 
1446 52 
1386 215 
1673 34 
1296 14 
109 229 
1008 30 
1216 104 
6582 76 
2820 26 
1965 19 
619 78 
654 101 
259 39 
224 115 
92% 63 
902 83 
963 113 


Av. error at 
of voyage. 
16.1 
73.7 
21.6 
36.5 
59.7 
67.9 
39.3 
47.8 
43.6 


$3.6 


end 


369 


Total er- 
ror at 
end of 

voyage. 


61.5 


0.0 
36.0 
104.0 


The longitude expeditions undertaken by Professor Wm. C. Bond 


in 1849-50, and by Professor George P. Bond in 1855, 





~ 


for the acecur- 
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ate determination of the longitude between Cambridge and Greep- 
wich, furnish the most reliable data available for a correct estimate 
of the degree cf accuracy to be expected from the average perform- 
ance of a chronometer during a short sea voyage. On these expedi- 
tions the rates of all the chronometers employed were carefully 
determined at each station. ; 
In this discussion only those chronometers are selected which 
made three or more voyages. ‘The longitude given by each chro- 
nometer is compared with A= 4h. 44m. 30.9s. The numbers given 
are current numbers, and not the numbers given to the chronome- 
ters by the makers. The values given under each number are the 
separate corrections to the assumed longitude given by the same 
chronometer on «different voyages. The exceptional value of these 
determinations justifies the publication of the details. 


EXPEDITION OF 1849-50. 
































Nos, 1 4 3 4 5 6 7 8 q 10 ll 4 
‘ 8. &. a. a. a. a. a &, a. &. &. 
Corrections by +0.1) +5.7 +3.0) +3.4/+24.2) +3.2) +3.6 +3.8 O.1 +82 +61 
each Chronometer —153.6 135 7.1, +12) +2.9 +1.8) —3.3 1.2 1.7 +2.2) +14 
to assumed value +7.6 0.2 1.1 +0.1 +0.0) +4.5 4.4 +3.0) +17 7.6, +19 
of A, | 165 
6.3 
| +6.8 
PK i sonttece ee + 1.97 4-2.17) —1.73| +1.57)4+-2.18 +3.17) —1.37 |+-1.87| —0.06 +-0.98 +118 
| BiBbpin| Bitiniswiwlialayss 
a &. &. | &. a, a. 3 . g. &. 3 &, 5 4, 
' TA 50 +65 10.9 +3.4 0.6 1.8 0.3 4+-11.0 —12.9 +43 
= Te +i.9 —1.5 14 +3.8 1.9 1.9 +-10.5 2.8) +15.5 + 13.0 
|—4.8 +15 —5.3 14.5) +194+10.0 +6.0+11.7 +5.5/—10.1 +28 
1-10.46 4-12.5 7.8 2.2 1 +0.6\+ 19.5,—18.4 
| +8.9 +3.8 —10.9 0.9| +-0.9'—20.3 
12.8 2.2) +4.8 
BBs soccdcesccces —4.52 +-2.73, —0.16 9.93)}'+-3.03 +1.72 4-0.78 —1.22 +-2.68 +2 52 —2.3 


2 “a | DB 26 27 28 29 30 31 = 3B 
4, 4. a. &. a. 
+93.1) +2.9) +2.9 +7.5 +6.1 4 
\.+-13.8 +5.9 5.3 +16.0 8.5 $ 
8.3 1.4/—11.7 10.4 +-20.1 3 +5. 
—§.1 +-9.0 +10.7 39.0, +4.0 +88 +165 +59 +8.3 +-10.9) 
5 of 8.5 f +() 
1 











— 4.2 11.7, —34.5 fb +0.1—13.5 +0.8 
+1.7 +1.4) —5.0 0 5.0 6.5 +0.1) +1.0) 
+3.1, +9.3 +1.2) —9.0) +-5.2 5.3 51 —U.0 +54 


Means.......++++++++ |4-1.88 0.30 +0.77 5.00 —3.83 +-2.78 41.78 +1.50 0.60 +2.41/+0.33 


| ms 
ote 
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EXPEDITION OF 1855. 


8. 8 8 &. &. & & 8. a &. &, 

Correcti’ns| +2.8) +1.8)—15.8 7.0 +3.5 0.2'—12.5 2.9 6.1) (—74.0) (—46.2) 1.2 
by each +0.9 4.2 2 +1.1 0.2 5.4 2.0 +04 2.7; +14 +4. oe 
Chronome-| +8.7) +3.2 af ».8 0.1 1.9 4.8 0.9 1.4 5.1 B54 0.4 
ter to +1.9 19 +03 +0.7 0.7, +2.4, —0.8 1.1 1.8 8.9 7.5 sy) 
assumed | +¥.9 4.5 0.7 6.4 0.7 2.4) +-0.2 3.6 3.2 1.3 2.4 
value of A Li +0.8 5.9; —0.6 0.5 1.0 os +38| +23, +14.7 
Means. .---|-+3.04|—0.27 —4.90 1.90 —1.63/—1.02|—3.58|—0.88| —2.73 2.60 2.42 2.08 


























& & s &. 8 8. &. &. 8. &. &. s 
4.2; +-1.8 2.6 0.6 4.1—11.2 2.7 +8.7, +0.0 1006+. 13 
0.2) +4.9 4.8 1.4) +2.7) +1.9,—11.5 0.8 +0 5.3 0.8 5.4 
4.4) +2.5) +0.7) +03 +04 11.2) +5.8 15) +54 4.0 +-10.8 u4 
+6.0 12 0.5) +0.3 8.2 +-12.0 1.6) +85) +34, 0.0 4.1 23 
4.2) +2.2) +2.3) +1.8 2.8 4.8) —2.4| —1.2 5.1) +2.4| +0.1 3.4 
+2.6 1.4 6.3) +1.7 1.7; +3.9| +2.4) +1.2)—11.1 3.4 0.8 —L7 
Means. - 1.07 +1.47|—1.87/+-0.35|—2.27|—1.57 1.67|+-2.48 5 1.88) -+-1.13 3.70 
25 26 27 28 29 30 31 2 3 34 3 +) 
| 
a. a a &. 8. & &. & a. &. s 
+05 +3.4, +00 +03 7.9 3.1 5.8 3.1\—16.4 +-7.0 0.2) +47. 
2.6 0.4 0.9 6.4 —3.7 9.8 0.1 0.2) +4.5 LY) 6 +-19 5! 
+15 0.2 0.2 28 6.3 +01 4.8 —2.5'—10.6 +49 4.1 4 > 
1.0 4.7 0.8 1.2 0.3, +4.7) +78 +05 0.4 10.1 06 +55 
+15 1.1 0.7) +-0.0 LS +04 5 1.8) +02 2 +35) —OA 
0.7 12 4.6 0.9) 45.2 +-11.9 91} +11 +43 0.8 +17 
Means....- 0.13 —0.60 —0.63,\—2.95|—3.28, 0.40 -4-0.38 1.5¢'—3.55 O25 —O.05) +2.233 
37 38 39 40 41 42 43 44 45 46 47 438 
*. & 8. &. &. 4. &. &, & &. &. s 
+5.0 14 L5 3.0 4.9 7.2 1.7| +6.2; —14 7.1) +46 3.0 
| +0.1 +2.2 3.4 1.5 13 M2 2.2 0.4 0.6; +98) —3.1 12 
| 3.8 4.15405 +09 0.2 0.4| —2.5 5.7) —1.2 3.° 23 
12 O05 3.9 6.2 -+-6.4 —f.3 
| —2.7 2.5) +-3.0 —1.6, —4.0) +238 
} +21) +10) —1 


2) +04) —2.0 


| 
_ 
- 


Means..... 0.52 —1.26'—1.06 —1.20 —2.13 —2.60'—2.18 +0.03 
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Combining the mean corrections given by each chronometer on 
different voyages, without regard to weights, we have the following 
results : 


Mean Corr 
Expedition of 1849-50 . ' ; ; + .63s. 
Expedition of 1855 ; . ; ‘ —1.18 
Final Correction ; . —0.27 


In order to form an estimate of the Jiadility to error in any 
chronometer, we must compare the greatest and the least corrections 
given by the same chronometer on different voyages. The average 
range for 1849-50 is 19.5s., and for 1855 it is 10.8s. The extreme 
range is shown in the following table: 


5 s 5 s s 5 5 s 5 5 s s 
Limits 55 50 45 40 35 30 25 20 15 10 gs «£ 
to to to to to to to to to to to 
55 50 45 40 35 30 25 20 15 10 5 

Number of Cases 


Expedition 


1849-50. 


0 0 1 0 4 1 8 4 4 { 5 
0 1 0 1 1 0 0 2 6 8 19 10 


” 


ro55 


The values given on pages 370 and 371 represent absolute corrections 
from which the error of rate has been eliminated. It is not possible, 
therefore, to determine the average error of the daily rete directly 
from these series. It can be obtained, however, somewhat indirectly 
from the table given on page 368. It appears from this table that the 
average range between the greatest and the least values of the average 
errors at the end of a voyage of 14.8 days is 15.42s., and that the co- 
efficient by which this average error must be multiplied in order to 
produce the latter value is 2.37. The mean of the average range for 
the expedition for 1849-50 and that for 1855 is 15.2s., from which we 
may with tolerable safety assume the average error at the end of a 
voyage of 15 days to be not far from 6.4s., giving for the average daily 
error of rate the value +0.43s., which is almost identical with the 
values already found on pages 370 and 371. 

I add, without details, the results of two other longitude expedi- 


tions : 
No. of Length Average Range be- Coeff. 
Chronome- of Error at tween great 
ters. Voyage End of est and least 
Vovage Value. 
Days s. s 
Cambridge, New York and Chagres 5 12 7.6" 26.4 3.5 


2 Qo 


Eclipse Expedition to Labrador 5 20 3.7 13.1 3.5 
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Here we have from a limited number of observations the value 
+0.41s. for the average error of the daily rate. 

It must be remembered that the results so far obtained are average 
results obtained from a largenumber of observations made under the most 
favorable conditions. ‘They indicate that a chronometer of average 
quality is at any time liable to change its daily rate by an amount as 
great as 0.58. That this value is probably too small will appear from 
the following table given by Mr. Hartnup, who made the investiga- 
tion in 1863. ‘The quantities given represent the error at the end of 
a voyage of the given duration. 


» elvofs Best | 2d best 3d best |4th best'sth best 6th best! 7th best 8th best!gth best) Worst 
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Miles. | Miles. | Miles. | Miles. | Miles. | Miles. | Miles. | Miles. | Miles. | Miles. | Miles 


1 6 0 1 a 3 4 5 7 9 25 
qa 2 4 0 2 4 5 7 a ll + i 24 14 
3 23 1 3 6 4 12 15 18 2 41 101 
4 33 1 4 8 13 17 2 28 36 61 148 
5 44 1 i) 10 17 22 29 3e 49 84 187 
6 nb 2 6 13 21 28 37 5O 4 108 234 
q 69 2 8 16 2% 4 46 62 80 134 20 
8 g2 3 10 19 0 41 55 74 98 159 328 
) sy 3 12 22 a) 48 65 86 117 154 376 
10 108 4 14 24 40 6 75 ys 137 208 2h 
11 122 4 16 y 46 64 86 111 157 233 474 
2 136 5 18 34 52 72 97 124 178 258 4 


An error of 524 miles in a ship’s position may seem to be rather 
too large*an estimate, but Lord Anson, in a voyage around Cape 
Horn, did better than this. One of his ships was 500 miles out of 
her reckoning, and one actually made land on the wrong side of the 
continent, the error of position being over 600 miles. 

In 1871 Mr. Hartnup made an additional investigation, obtaining the 
following results: 


Extreme Difference Variation of daily Mean of extreme 

of mean daily rate rate due tochange difference between 

between any 2 weeks of temperature any 2 days of each 
week 
Mean from 297 chronometers 2.19 1.78 0.98 
Mean from 40 poorest 6.28 4.55 2.80 
Mean excluding 40 poorest 1.56 1.29 0.70 


In order to show how largely chronometer errors may be diminished 
When the rate is given for different temperatures in the form adopted 
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by Mr. Hartnup, I add the following table, given by him in this con- 
nection, derived from the actual performance of a given chronometer: 


Mean Daily Rate. 


Date. Temp.=s55 Temp.—70". Temp.=8s5 
April, 1867 — 0.4 +14 + 2.3 
May, 1868 — 0.6 + 1.4 + 2.2 
April, 1869 —14 + 1.7 +- 2.7 
November, 1869 — (.2 + 1.9 + 2.8 
February, 1871 — 0.2 + 1.5 + 23 


From the first column of Mr. Hartnup’s first table I deduce the 
following values for the error of the daily rate from the mean of 
1700 chronometers, assuming the months to be calendar months: 


No. months. Average error No. months. Average error 
f daily rate. of daily rat 
; Jj 
1 + 0.80 7 1.31 
2 0.93 8 1.37 
3 1.02 9 1.41 
4 1.10 10 1.44 
5 1.17 11 1.48 
6 1.24 12 1.51 


[ am not sure that I have given the correct interpretation to Mr. 
Hartnup’s values, since it is difficult to understand why the error 
should increase with the time. 

From Mr. Hartnup’s second table we have the value + 0.98s, 
Adopting the mean between the latter value and +0.46s., the value 
derived from this discussion, we have finally +-0.72s. as the average 
daily error of the rate of an average chronometer. 

The average coefficient of safety for chronometer errors only derived 
from this discussion is 3.2. If, therefore, the navigator has a chron- 
ometer of average excellence, he must at the end of twenty days expect 
from it an average error of 3.6 miles, and he must look out for an error 
of 3.6m. 3.2, or 11.5 miles. 

It must be borne in mind that these results are independent of the 
errors of observation with the sextant, which are still to be added. 

In estimating the limits within which it is possible to locate the 
position of a ship at sea by astronomical observations, it is necessary 
to take into account all the errors to which such observations are 
liable. I shall consider only the method usually employed, viz. the 
measurement of the altitude of the sun with a sextant at a given time 
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before it comes to the meridian for longitude, and the measurement 
of its altitude at culmination for latitude. 

First of all we must estimate the magnitude of the errors to which 
sextant observations are liable. 

They are as follows: 

(a) Instrumental errors, such as excentricity, errors of graduation, 
index error, &c. In a first-class sextant errors of this class often 
exceed one minute of are. 

(6) Error in noting the time. No observer at sea pretends to note 
the time closer than 1s. In fact it is impossible for him to do so. If 
we assume the low limit of 1s. and multiply by the coefficient 3.5 
we find an error from this source amounting to nearly one mile. 

(c) Error arising from an imperfect sea-horizon. I am convinced 
that errors from this cause may amount to several miles. In a series 
of observations made to test the value of Lieut. Beecher’s artificial 
horizon, the range of error was six miles. Nor does the use of an 
urtificial horizon mend the matter, for there is always an undetermined 
constant between the two methods which ranges from two to eight 
miles. 

(d) Errors arising from the use of approximate data. It is almost 
universally the practice to take data to the nearest minute of are, é. ¢. 
it is the practice to take the sun’s diameter as 30’.. Many navigators 
lump all corrections together and call the sum 12’. The error from 
this source may amount to no less than five miles. Another source of 
error is the failure to use the value of the refraction corresponding 
with the actual condition of the atmosphere indicated by the ther- 
mometer and barometer at the time of observation. The only obser- 
vations which I can find bearing upon this point were made by 
Commander Bayfield at Quebec in 1832, the thermometer reading 11° 
Fahrenheit. He found that the error arising from the use of the 
mean instead of the actual refractions amounted to three miles. 

(e) Errors affecting the longitude which depend upon the latitude 
of the ship and upon the declination and the observed altitude of 
the sun. ‘The errors arising from this source may be much larger 
than is generally suspected, and they are the more important 
because, for the most part, they escape the attention of the navigator. 
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Let, 
A =the observed altitude of the sun. 


6 =the declination of the sun. 

¢g — the latitude of the place of observation. 
@ =the observed hour angle. 

7% =the observed azimuth. 

¢’ = the angle at the sun. 


From the triangle 














@ 
We obtain 
cae ‘sin. (s — (90°— 3)) sin. (s 0° ¢)) 
sin. =f: -V—& )) sin. (s — (90°-- ¢)) 
2 cos. 0 Cos. ¢ 
where 
— 1 90° a (9Q°e 4) gy? sil 
8 = 5; [(90°— 4) + (90°— A) + ( ¢)| 
— sin. # cos. ¢ cos. ¢ sin. 7 
sin. ¢ == — . 
cos. A cos. 6 
: sin. @ cos. 0 p 
sin. 5 = ‘ 


cos. A 
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In order to compute the values of the various errors which may 
affect 0, we differentiate the gencral equation : 
sin. A = sin. ¢ sin. 6 +- cos. ¢ cos. 0 cos. 0. 


From which 


cos. Ad A omens sin. ¢ COS. 0 — cos. ¢g sin. 0 cos, Oe 0 
+- (sin. 3 cos. ¢g — cos. 3 sin. ¢ cos. 0) d¢g 


— cos. ¢ cos. 0 sin. ed. 


But 
cos. 0 sin. ¢g — sin. 3 cos. ¢ cos. 0 = cos. A cos. 
sin. 0 cos. ¢ cos. 3 cos. @ sin. g —=— COS. A cos. 
cos. ¢ sin. = cos. A sin. ¢. 


By substitution we easily find: 


aA da ade 
ao=— - = — 
cos. ¢ SIN. 7 cos. 0 tang. cos. ¢ tang. 7 


In the proceedings of the American Association for 1881, p. 154, 
Mr. S. C. Chandler has given the following convenient form to this 
equation : 

Dividing both members of the equation, 


cos. 0 sin. ¢’ = cos. ¢ sin. 7 
by cos. ¢’, we have: 
; cos. ¢ sin. 7 
cos. 6 tang. ¢ = 
cos. ¢ 

l ver 

whence «dé— [cos. gidd — dA — cos. yg]. 
COS. ¢ SIN. 7 

From this equation it appears : 

(1) That the effect of an error in the observed altitude upon the 
time will be minimum when ¢=0° and 7 —=90°, or when the sun 
is in the prime vertical. 

(2) That the effect of an error in ¢ will be minimum when é = 0° 
and ¢° = 90°. 

(3) That the etfect of an error in ¢ will be minimum when ¢ = 0° 
and y= 90°. 

As an example we wi!l assume that in a given observation of the 
sun or of a star the following small errors have been made, viz. : 


dg —=+1’ 
d@A=+ 1’ 


c= 1’. 
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We compute the effect of these errors upon @ in three assumed 


cases : 


I. IT. III. 
g= 39°54’ 51°30/ 7T0°O/ 
6 = + 17°29/ == 6°37/ + 44°0/ 
A= 15°54’ 13°40/ §3°30/ 
= 83°37’ 58°8/ 10°10/ 
‘= 80°16’ 60°15/ 16°32/ 
== §2°26/ 32°58/ 7°46/ 
aA 
= : = — 1.32’ — 1.85/ — 10.27’ 
cos. ¢ sin. 7 
de 
a : == ..... (),39/ an» ().99/ — 9.85’ 
cos. ¢ tang. 7 
dd s 
— —().8]1/ — 1.55/ — 10.19’ 
cos. 6 tang. ¢ 
dé = — 2.35’ — 4.32/ 30.317 
—— 9.4’ — 17.5" — 121.2' 


Ordinarily there will be some elimination between dg, dA and dd, 
but the errors may all act in the same direction, as in the examples 
given. The third example may perhaps be considered an extreme 
case, but it will serve to show the necessity of a computed table of 
coefficients which shall serve as a guide in estimating the value of 
any given observation. An appropriate name for them would be 
local coefficients of safety. 

(f) Errors arising from the error in the estimated run of .the 
ship between the morning and the noon observations. ‘The morn- 
ing or afternoon observations give one co-ordinate of position, viz. 
the longitude; and the noon observations, the other, viz. the lati- 
tude. To get both co-ordinates for the same instant requires an 
allowance for the run of the ship during the intervening time. It is 
impossible to give any definite estimate of the magnitude of the errors 
thus introduced, but I suspect they will in general be found to exceed 
all the other errors combined. 

In order to determine the degree of accuracy which may be ex- 
pected from the sextant considered as an instrument of observation, 
when used by trained and skillful observers, I have collected such ob- 
servatious of this class as were available, both for time and for latitude. 
In most cases the average error has been found by comparison of the 


observations infer se. ‘The observations made at Willet’s Point have 
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an exceptional value, since they were compared with transit observa- 
tions made at nearly the same time. 


For Latitude. 


Observer Place of Average Range of Coeff. 

Obscrvat Error error 

Williams, 1798....Cambridge ........... 3.6" 14” 3.5 

Paine, Se =e eee 9.6 40 4.2 

0 eee 7.2 31 43 

Lf 4.6 18 3.9 

ECR ee 5.0 20 4.0 

yo ee 10.1 50 5.0 

Washington Territory. 7.2 46 6.4 

" ” 10.9 41 3.8 

1869. ... Willet’s Point ........ 7.0 24 3.4 

aa. = ss 7.8 29 3.7 

tig. " 9.0 35 3.9 

Hall and Tupman. Malta itcchieneebee ae 59 5.6 

1. 10.2 37 3.6 

8.0 34 4.2 

Hall and Tupman.Syracuse............. 5.0 30 6.0 

= 9.2 36 3.9 

7.7 56 7.3 

7.1 28 3.9 

6.8 28 4.1 

, 6.7 30 4.5 

Harkness..........Des Moimes .......... 6.4 47 7.3 

Means..... si dpe cede ebehonneueeen 7.6" 85” 4.6 


For Time. 


Halland Tupman..Malta................ 1.6 7.3 16 
ED, concer énanes 1.0 4.3 4.3 

Newcomb ........ Des Moines........... 0.6 2.6 4.3 
Harkness ........ PR DEUUED. icexcacses, Bl 1.7 4.3 
DT ies id ceeseseabeneneeasr, Un 4.7 4.4 


For the mean of any number of observations with the sextant. 
in latitude and of 
l.ls. in longitude, and the average liability to error of a single observa- 


” 


therefore, we must expect an average error of 7.6 


tion will be about 35” in latitude and 4.7s. in longitude. For sea 
observations an additional coefficient of 3 units will be none too 
great. No instrument of precision is so liable to constant errors as 
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the sextant. In all the cases given above these constant errors were 
thoroughly investigated and the resulting corrections were applied, 
It is not to be expected that this can be done with sextants used at 
sea. Even with observations on shore this instrument often acts in g 
most perverse and unaccountable way. The observations of Williams 
for the determination of the latitude of Harvard College in 1782-3 
aié so instructive on the point of agreement infer se and disagreement 
with the truth that I copy his separate results : 


Latitude of Harvard College. 


From the Sun. From Fixed Stars From the Pole Star, 
42° 23’ 22.3” 42° 23’ 25.1” 42° 23’ 28.6” 
25.38” 22.9” 27.7" 

20.5” 34.1” 

28.7” 

36.5” 

24.2” 

28.6” 


The mean adopted was 42° 23’ 28.5”. By comparison with the 
latitude of the observatory this result is 64” too great, and yet the 
average deviation from the mean is only 3.6” 

In 1825 Mr. R. T. Paine, perhaps the most skillful observer with 
the sextant in this country, if not in the world, found the value of the 
latitude of the Old State House, Boston, to be 42° 20’ 30”, a value 
which differed 118” from that given on page 297 of the Transactions 
of the American Academy, which was also the result of a sextant 
determination. In 1€28-9 194 observations with sextant “ Ramsden 
1403” gave 20’ 57.8”, and 390 observations with “Ramsden 1375” 
gave 20’ 57.9”. Yet the mean of 442 observations between 1833 and 
1873, divided equally between northern and southern stars, gave 21’ 23”, 
with a range between greatest and least for 37 dates amounting to only 
7.5". This resul. is 7” different from the value derived by Borden in 
his Trigonometrice! Survey of Massachusetts. It gives for the 
latitude of Harvard Coliege 42° 22’ 15”, the true value being 22’ 
48.6". It is, therefore, 34” in error, while the earlier value is 59” in 
error. Mr. Paine’: subsequent observations for the latitude of the 
Unitarian Church in o'd Cambridge gave 46.7”, or within 2” of the 
truth. 

It is well known that there is in general a well defined difference 
between results derived with the sextant from observations of the sun 
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and of fixed stars, though Mr. Paine always got substantially identical 

results. At Syracuse in 1870 Professor Harkness found the latitude 
from Polaris 7.1” to be less than from the sun. Professor Hall found 
a difference of 24.7”. Struve, in his survey of Turkey, found that 
Alpha Aquilae gave latitudes 13” too large, and that this correction 
sometimes ran as high as 30.7”. 

It is obvious from this brief discussion that there is danger of 
placing too high an estimate upon the accuracy of the ordinary sextant 
considered simply as an instrument of observation. It is hardly 
necessary to say that agreement of repeated readings on a given part 
of the limb is not necessarily an indication of accuracy. The errors 
which are usually introduced in the graduation of a sextant belong 
to a class known as periodic errors. They are formed by successive 
increments of very minute errors, which it is perhaps impossible to 
measure individually, but which, by continual additions, may, at a 
given point on the limb, amount to a quantity several times greater 
than the error of observation. 

The data at hand for assigning a limit to the actual errors of 
observation with the sextant at sea, taking into account all the errors 
towhich such observations are liable, are exceedingly meagre. For the 
present I limit myself to the following discussions: 

(a) Seattered through the volumes of the Nautical Magazine wiil 
be found records of the determinations of the longitude of various 
stations, chiefly in the West India Islands, made by various British 
naval expeditions. ‘The data required are in many cases wanting, but 
sufficient are available to furnish a fair estimate of the average range 
of error. The chronometers employed were rated at the Greenwich 
Observatory at the beginning of the voyage, and the observations for 
time at the terminal stations were made in the usual way with the 
sextant. They were probably made on shore, though I can find no 
definite statement to this effect. vidently more than usual care was 
taken with the observations and reductions. It is probable also that 
a sufficient number of observations were made at each station to 
eliminate accidental errors in a large measure. 
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Range 

between Range . No. of 

Place of Obser+ ation, g no fhe f - ( ~ Son par 
different longitude of 

Chron'rs Voyage. 

Miles Wiles. 
Hong Kong ......... Singapore, 1849-50.... — 19.0 5 18 
“ 7  sadeabwee “ 1852-53.... — 7.1 5 18 
DT Casabaeeb abe oninndiseus cheiamsns 2.0 1.5 10 11 
DG rchictvske 64 6bseshaesdecenbees 0.2 0.9 11 3 
PD stacks beds senses eoger essences 3.2 1.3 11 10 
EG ES I Oe ee 9.0 2.6 11 18 
EDS wcenweus -cpesaddewsuctivcecnss's 2.2 2.0 6 3 
PC ¢ocbuhes sUsbebers cconceene 1.8 3.3 7 5 
NE 26 i bran ie Ss ehigiddeenawen'd — 2.6 _ <a 
Great Cayman ..... ee eee 1.5 1.7 3 7 
ES EE ee See 0.6 2.3 3 7 
TL Rhee nis. ee.cedueeseeheewte see 9.5 18.8 5 6 
Martinique ......... ys Chane webokene 08 1.4 3 9 
i POR. Sécs cotcesecue eres 3.2 6.1 6 14 
Guadaloupe ........ beh sedseees« steeeuss — 2.2 = 
St. Martin’s ..... gibi ib ees ca rnnuma eee _— 4.3 _— _ 
th ieee a chia Se aae goed hee — 2.5 — — 
ae handed: oe ed wh ga bee oksib enn — 3.7 — _ 
REG ORE Ea ee 5.3 19 5 13 
Navassa Island ...... Ee eee 0.8 1.6 3 6 
I we Dili een cla Maetierigeeneinss 7.5 — _ 
ge eee yey — 2.2 — — 
PN tcncewe wes ehttbatebeepebshew 1.6 2.0 2 15 
SEINE cones sees ends Wekse peenkdeee. cas 4.0 Te 2 3 
iit tsknh ok enkbebhoeveseuaewese 2.2 8.3 2 : 
ee et ee eee Geka dalee wade % _— 2.7 — _ 
i cc ieivaas Sbhee ben kadeeciecs 3.8 — — 
DS tices ide sadectedduneeweas ees — 2.4 — _— 
EE Sg age re re — 7.1 — ~ 
i  nvéba. ts pink hdend dnd dase es 7.5 1.2 7 19 
PES DUSTER: oc cccecce LE ES! ST ee 7.2 10 19 
Callao ..... O66 adedhe 4s nbeus bébtqn< bana — 7A -- _ 
IN aii beGGb ak 04046016 4000000645008 6.0 1.4 13 17 
EL. <.tieknk 6eeestd fowekae + odds's 1.5 3.8 4 15 
iD coc ctsenee see seenedoe seus ome 31.6 20 27 
" 7 eA Rehsknbe bbe beentbesatneneads 6.8 10.9 18 12 
DD Jiedsd achhen eaae cece oeanved — 3.3 — _ 
Es .6adts b6600 peveeéedesececacesios _ 7.6 — 
EE ee 4.2 5.9 — 11 
For 36 Stations.......- Hanze............ 14.8 29.7 — — 
( Coefficient ..... 3.5 om - 
; . 
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(6) During the spring and summer of 1880 Officer W. H. Bacon, of 
the Cunard steamer “Scythia,” kindly undertook for me a series of 
systematic observations from which the relative errors could be 
determined with considerable certainty. A complete series for a 
single day consisted of five sights at intervals of fifteen minutes, 
about 8 o’clock in the morning, five sights in the neighborhood of 11 
o'clock, and five sights at the corresponding hours in the afternoon. 
Observations were also made when the ship was in known positions 
as often as possible. 

This series of observations has an exceptional value on account of 
the conscientious fidelity with which the programme was adhered to 
and of the skill with which they were made. The relative errors were 
determined by comparing each position with the mean of the series, 
the rate being determined both from the morning and afternoon 
observations and from the log. 

The results obtained are found in the following table: 


, Limits my Mires. ae 7 ~ rt mos —- vc ess 
N No N No N N 
Cases ( ( < Cases Case ( 

EE ee 1 0 0 0 7 6 
ikecs 12 0 6 2 ‘ 1 2 
Ecce Lh. 8 13 3 5 3 3 
he Mins sccessdeecs } 5 3 3 3 2 
aa Gh, « { } 6 5 2 3 
ee ) See 2 ] 3 4 1 0 
3.0. 3.5.. 2 2 6 5 7 2 
RL. sc ancueacee 4 1 4 5 1 2 
4.0.... 5.0.. 1 ; 6 5 4 | 
5.0.... 6.0. 0 0 2 1 1 5 
css oe 0 0 2 1 2 2 
oo” ae 1 1 0 1 1 1 
EE Ee 2 0 1 1 0 2 
Se 0 1 0 0 1 2 
=) ea 0 0 0 0 1 1 
Ta 0 0 0 0 2 1 


~ 

= 
mi 
- 
oat 





= 


cv 


b| 
“a 
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It will be seen that the results from these two investigations do not 
materially differ from those previously found. In fact, whatever the 
line of investigation pursued, we reach substantially the same coneln- 
sion, viz. that the averace error of a single observation at sea is not 
far from three miles, amd that the average coefficient by which this 
number must be multiplied in order to provide for every contingeney 
of danger is 3.5. . 
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THE COEFFICIENT OF SAFETY IN NAVIGATION. 


By CoMMANDER P. F. Harrrineton, U.S. N. 


In the current volume of the Proceedings of the Naval Institute 
there appears an essay by Professor W. A. Rogers, of the Cambridge 
Observatory, on the Coefficient of Safety in Navigation, which is 
remarkable for the extent and thoroughness of its investigations, and 
valuable in the application of its results to the practice of navigation. 
The essay is based upon investigations to which the navy has not 
contributed, and it becomes important to consider the application of 
its conclusions to the ordinary course of navigation of men-of-war. 

The coefficient of safety is defined as a number by which the 
average error of a ship’s position should be multiplied in order to 
obtain the limit of possible error. If a ship be navigated in con- 
sideration of the limit so obtained, her safety is assured, so far as it 
depends upon an estimation of position. As determined by Professor 
Rogers, the coefficient is not strictly the ratio between the average 
error and the extreme error; but it may be so regarded in practice, 
upon the assumption that the least error in a series approaches nearly 
to zero. 

In order to value the final effect upon the computed co-ordinates of 
a ship’s position, the errors to which the data are liable may be classed 
and considered with regard to their influence in the computations and 
ipon the estimated progress of a ship subsequent to the astronomical 
determination of her position. Those errors which affect the altitude 
as au element of the da/a, in observations at sea, are: first, instru- 
mental errors, or those of the sextant; secondly, errors of observa- 
tion ; and, thirdly, errors of the tabulated dip and refraction. 
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The constant errors of the sextant are those of excentricity and 
graduation; and there are others, of a variable nature, which are 
due to the surfaces of the index and shade glasses not being parallel, 
to the setting of the telescope in a plane inclined to that of the 
instrument, to small inclinations of the index and horizon glasses, 
to an increase of the apparent diameter of the sun arising from the 
feeble power of the telescope, and to the effects of changes in the 
temperature. No error can arise from a prismatic form of the horizon 
glass. These errors differ in value for different sextants and at 
different times in the same sextant, and the total amount may or 
may not be inconsiderable. On shore, they may be examined and the 
corrections partially ascertained. Professor Rogers finds, from a 
series of observations on shore, a value of 7.6” for the average error 
in latitude and of 1.1s in longitude, and a value of the coefficient of 
four and seven tenths. In these observations the errors of the 
sextants were thoroughly investigated and the corrections were 
applied; but the results are open to the objection that they were 
obtained by a comparison with the mean of the series and not with 
a fixed value. The suggestion that the coefficient should be increased 
by three units for single observations at sea is not unreasonable; and 
from this we find the average liability to ‘error at sea exceeding one 
minute of arc. It does not appear that the values reported are due 
entirely to the sextant and have reference to the altitudes of the 
bodies observed; but the character of the observations, of bodies on 
the meridian for latitude and near the prime vertical for longitude, 
justifies the assignment of the error to the sextant, since the error of 
the instrument entered directly into the altitude and was transmitted 
in its full amount to the computed latitude, or to the longitude with 
but little alteration, and since no other element could be erroneous. 
Other considerations, already stated, support the conclusion that the 
error of altitude at sea, due to the sextant alone, may exceed one 
minute. 

The errors of observation include the inaccurate valuation of the 
index error, the personal error in the observation itself, the error of 
making the contact without the middle of the field of the telescope, 
and the special error of observation when the motion of the ship is 
considerable. The error arising from defective shade glasses may be 
avoided by using a shade cap over the eye-glass of the telescope. A 
screen of card board may be fitted over the eye-picce to shield the 
eye from the glare of rays, other than those passing through the 
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telescope. The total value of the errors of observation is neglected, 
necessarily, at sea, nor does it appear how these and the sextant 
errors may be considered except by the use of a coefficient of safety. 

The most serious error is that of the tabulated dip. As the 
ship rises and falls with the swell of the sea, it is difficult to fix the 
height of the observer's eye ; and, at moderate elevations, an error of 
four feet in the estimated height of the eye causes an error of about 
half a minute in the apparent altitude. Moreover, the dip is tabulated 
fora mean condition of the atmosphere. The path of a horizontal ray 
of light near the earth's surface varies greatly with the state of the atmos- 
phere. From this cause the tabulated dip cannot be relied upon more 
closely than two minutes, when the eye is not elevated more than six- 
teen feet. ‘The curvature of a ray of light in air at any point in its 
course depends upon the pressure, temperature, and rate of change of 
temperature ; the third condition being in general the most important. 
When the temperatures of the water and air differ greatly, the varia- 
tion of the apparent place of the sea horizon from its mean place 
becomes extraordinary. Variations of four minutes nave been ob- 
served frequently, by the use of a dip sector or prismatic sextant, in 
comparison with a common sextant, and larger values have been 
found. The apparent horizon is depressed below or elevated above 
its mean place, according as the sea is warmer or colder than the air. 
For example, a large increase in the dip may be expected when 
traversing the Gulf stream in cold weather. The extreme case of dis- 
placement in a downward direction is illustrated by the mirage, where 
rays of lights pass from objects above the horizon, obliquely at first 
towards the earth, through successive layers of air of rapidly decreas- 
ing density and refracting power, and subsequently upwards, through 
air of increasing density, to the eye of the observer. ‘The inverted 
image of the distant object is thus formed, while another image in 
its erect position is seen through the medium of rays passing more 
directly to the eye of the observer. In the polar regions images of 
distant objects sometimes appear lying in the air. This occurs when 
there is an extreme refraction in the contrary direction to that which 
causes the mirave, the layers of air near the sea decreasing rapidly 
in density with an increasing altitude. The tabulated refraction, 
Which affects the altitude, also becomes more uncertain as the alti- 
tude of the body decreases. These errors of dip and refraction may 
be partially compensated by attention to the corrections for pressure 
and temperature of the air. The tables, however, are not perfect, nor 
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do they always agree. ‘I'wo tables, now in general use, differ three 
minutes as to the amount of refraction near the horizon, for a mean 
height of the barometer and thermometer. 

Some function of the algebraic sum of these errors affecting the 
altitude enters into every computation for position at sea, and the 
error in marking the time of an observation or of a comparison enters 
directly into every determination of longitude. What, then, is the 
probable average error of an apparent altitude taken under favorable 
circumstances at sea? Will it fall below two minutes ? Or, rather, can 
the navigator feel assured that it is not greater? It may be said that 
these errors and others yet to be noted will offset each other generally 
to some extent; but by what test may this be known in practice, and 
what part of the uncertainty is removed ? 

With respect to the latitude, when it becomes an element of the 
data, it must be remembered that its accuracy depends, primarily, 
upon observations of the character already described, and, secondarily, 
upon the closeness with which the run of the ship is noted. The 
same is true of the iongitude, whenever it enters as a part of the data 
in any observation off the meridian ; and it will contain also the error 
in the assumed longitude of the place of rating, the error in the 
original determination of the chronometer correction, and the aceu- 
mulated error of the rate; and some function of the algebraic sum of 
these will enter into the computation. If the longitude is sought, 
the computed value will contain directly the errors last enumerated, 
besides that resulting from the computation. 

It has been shown by Professor Rogers that it is difficult to deter- 
mine accurately, even with excellent instruments and under the most 
favorable circumstances, the geographical position of a point on the 
earth’s surface. The values of the coefficient, obtained from series 
of observations on shore, will be received with surprise, but they 
must be accepted as true. What degree of dependence then shall be 
placed upon the result of a single set of observations at sea, affected 
by all the errors enumerated and in an unknown direction? Is it 
probable that the naval officer, using the best instruments and exer- 
cising the greatest care and selection in observations, computations, 
and methods of navigation, reduces the average and extreme errors 
of position to exceptionally smali values? It may be asserted that 
the observations of naval officers are particularly accurate, but that 
is all that can be affirmed; and that the true position of a ship 
at sea is ever obtained from astronomical sources is exceedingly 
doubtful. 
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Formulas and tables, by which the effect of the errors referred to 
may be considered, will be found in any good work on Navigation, 
and there are many practical methods of reaching the same end ; 
but it may be interesting to notice, briefly, some rules by the obser- 
vance of which the errors themselves may be reduced in amount 
and the general accuracy of the determinations may be improved. 

Attention should be paid first to the situation of chronometers on 
board ship, with respect to the motion of the ship and to the prox- 
imity of any particular magnetic influences. Extreme motion of 
the ‘ship disturbs the vibration of the chronometer balance and 
produces a change of rate. The balance may acquire a magnetic 
polarity; and, in order to avoid an error arising from this cause, 
the chronometers should be placed with the twelve hours mark of 
the face in the fore-and-aft line of the ship, and they should not be 
removed for any purpose, The rates should be found for the 
constant position of the chronometers. When proper precautions 
have been observed to avoid these disturbing agents and also the 
danger of rude shocks, it is conceded that variations in the rate are 
caused almost entirely by changes of temperature. It is desirable, 
therefore, to guard against sudden and extreme changes, and, when- 
ever practicable, to provide a place of uniform temperature. On 
board ship this is almost impossible, and the navigator must rely 
upon a close study of the chronometer and thermometer and of the 
law which connects their motions. During the progress of a cruise 
there will be found a gradual acceleration of the chronometer rate, 
which is independent of the effect of temperature. This is due to 
the thickening of the oil, which diminishes the amplitude of the 
vibrations of the balance. The amount of this change is peculiar to 
to each chronometer, and can be found only by experiment. Chro- 
nometers for the use of the navy are issued from the Naval Observa- 
tory at Washingtou, and are accompanied by a list of rates for different 
mean temperatures, found by actual trial and record. With this 
list before him the navigator will be able to anticipate in an approxi- 
mate degree the changes of rates, by attending to the daily tempera- 
tures of the chronometer room and to the record of comparisons. 
Every chronometer has its own law of change; and, further, the 
alteration of rate is not contemporaneous with but follows at different 
periods the changes of temperature. If this important duty of study- 
ing the character of each chronometer is neglected, a belt of possible 
error in longitude results from the average daily errer and coefficient 
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of safety for chronometers. The average daily error is + 0.72s, 
and the value of the coefficient three units and two tenths. These 
quantities appear very large, but they are deduced from extensive and 
comprehensive examinations of chronometers, by a course of compu- 
tation which offers no ground of objection. 

The error and rate of a chronometer should be found from transit 
observations, or from equal altitudes of the same body when on 
opposite sides of the meridian. The whole error of longitude of 
the point of observation will enter into the chronometer error; but 
the rate may be closely determined by these methods, though the 
latitude and longitude are known only to an approximate degree. 
When such observations are impossible, the error may be found from 
single altitudes of the same body, on opposite sides of the meridian 
and near the same altitude, the mean of the results being adopted; 
and the rate from single observations of the same body, provided 
the conditions of atmosphere, altitude, and azimuth are not very 
different wpon the two occasions. The error cannot be determined 
correctly from single observations of a body off the meridian. It 
seems unnecessary to argue that the sea horizon should not be 
employed in this work. 

At sea, if the azimuth, or true bearing, of the body observed is 
less than forty-five or greater than one hundred and thirty-five 
degrees, the latitude should be computed from the observed altitude 
and the longitude by account. The error in the latitude, which 
results from the errors of the data, decreases as the body approaches 
the meridian in azimuth, and, when the body is on the meridian, 
it depends upon and is equal to the error in altitude. It should 
be remembered, however, that the maximum altitude of the sun 
differs from the meridian altitude, when the motion of the sun in 
declination is most rapid and when the ship’s rate of movement in 
latitude is large, by an amount which, in certain latitudes, may 
exceed one minute. In the case of the moon, this difference may 
be much greater near the periods when the moon’s declination 
becomes zero. 

If the true bearing of the body is more than forty-five degrees 
and less than one hundred and thirty-five degrees from the meridian, 
the longitude should be the co-ordinate sought. When the body is 
on the prime vertical, a small error in the latitude is of no impor- 
tance, and the error of altitude has its least effect, or, nearly, its 
amount converted into time. The error of the chronometer correc- 
tion cannot be eliminated. 
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When the declination of the sun and the latitude are nearly equal 
and of the same name, the method of equal altitudes of the sun for 
lorgitud is highly recommended. The altitudes may be observed 
very near noon; and, in connection with the meridian altitude, the 
latitude anc longitude are found almost simultaneously. If equal 
altitudes are lost, by reason of passing clouds, Littrow’s method is 
still available, and is equally simple in computation. 

It is recommended in Raper’s Navigation that, when the altitude 
of the body is sufficient, it should be observed both from the opposite 
point of the horizon and from that under it, by the common sextant. 
Half the difference of the readings should be the apparent zenith 
distance of the body, eliminating the dip and the errors of the in- 
strument. ‘This assumes that the dip is the same at opposite points 
of the horizon. The difficulty of this observation would probably 
cause erroneous results, but it is suggested for trial, in deference to 
the high authority cited. 

Observations at night are very unreliable, from the obscurity of 
the horizon and the difficulty of reading the sextant. But, during 
twilight, observations may be made which will reduce the uncer- 
tainty of the ship’s position. The local time may then be found 
accurately from altitudes of stars east and west of the meridian and 
having similar zenith distances and azimuths, and a very close value 
of the latitude from altitudes of stars upon or near the meridian 
north and south of the zenith 

It is an obvious cons quence of the preceding statements that the 
computation of position at sea to seconds of arc is unnecessary, so far 
as the accuracy of results is concerned, and that it may produce an 
appearance of precision and correctness not inherent in the methods. 
Aside from this tendency to engender an unreasoning confidence in 
the results, the habit of close figuring is a valuable one; and the use 
of seconds, in this class of computations, accords nearly with the 
usual practice of employing units of an order one lower than that 
required. Attention to minute details is almost essential to good 
navigation ; and such attention leads at once to a just discrimination 
as to the degree of computation necessary. 

When approaching a coast, off which the depths of water and char- 
acter of the bottom are well marked, the lead becomes an invaluable 
aid to navigation. A good sounding and a line of position, taken 
together, are almost as useful as a lighthouse to an intelligent navi- 
gator. The following method of navigation by the lead is described 
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by Sir William Thomson. “Take a long slip of card, or stiff paper, 
and mark along one edge of it points at successive distances from 
one another, equal, according to the scale of the chart, to the actual 
distances estimated as having been run by the ship in the intervals 
between successive soundings. If the ship has runa straight course, 
the edge of the card must be straight, but if there has been any 
change of direction in the course, the card must be cut with a cor- 
responding deviation. At each of the points thus marked on the 
edge, write on the card the depth and character of the bottom found 
by the lead. ‘Then place the card on the chart, and slip it about 
until you find an agreement between the soundings marked on the 
chart and the series written on the card. The slight ups and downs 
of the bottom, even if they be no more than to produce differences of 
five or six fathoms in depths of, say, from five-and-thirty to fifty 
fathoms, interpreted with aid from the character of the bottom 
brought up, give, when this method is practiced with sufficient 
assiduity, an admirably satisfactory certainty as to the course over 
which the ship has passed.” 

The errors incident to the progress of a ship must now be con- 
sidered. Imperfect steering, unknown or incorrectly estimated cur- 
rents and leeway, and errors in the compass deviations, generally 
result in some wandering from the given course. The distance sailed 
is not accurately known, nor is it likely, in the absence of means of find- 
ing the set and drift of the current at all times, that the run of the ship 
can ever be implicitly relied upon. From the Dutchman’s log to the 
patent log, the instruments have all failed to record exactly the progress 
of the ship. Napier’s pressure log and Hogg’s speed indicator show the 
rate of speed at any instant with accuracy; but for purposes of navi- 
gation we must look to improvements in those instruments which 
measure the total distance run by the ship, rather than to an indi- 
cator of the momentary speed. It is possible, however, that the 
pressure log, or the speed indicator, may be made to record continu- 
ously the rate of speed, by a mechanism similar to that of a self- 
registering tide-gauge, forming a speed curve which would present 
the rate at any instant and, by simple measurements, the distance run, 
to a high degree of accuracy. In further consideration of the 
coefficient of safety, it may be assumed that the average error 
in the course is one quarter of a point, and that of the distance one 
twentieth of the run by log. It is difficult to state the possible range 
of error from these causes ; but every naval officer can recall occasions 
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when the place of the ship by account, after a run of a hundred 
miles, could not be depended upon within twenty miles in any direc- 
tion, although good observations had been obtained at the beginning 
of the run. Yet this uncertainty corresponds to an error of one 
point in the course, or of one mile in a distance of five. Fortunately, 
in most instances, as in gales or known currents, the uncertainty 


becomes apparent and induces additional caution. 


Of the large number of wrecks from preventable causes, and 
particularly of new iron or composite ships, the loss of a considerable 
per centum is caused by compass errors, such as unknown deviation 
due to change in the magnetic condition of the ship, to a change 
in magnetic latitude, to neglect of the heeling error, and to a change 
of course in high latitudes after the ship has sailed on one course for 
alongtime. ‘lhe causes of compass deviations and the character and 
degree of their changes are now well understood ; and the losses from 
compass errors might be assigned justly to that class which includes 
ignorance or incompetence of the persons in charge of the vessels. 
The accomplished navigator foresees these subtle changes, under- 
stands their amount and effect, and provides the correction or remedy. 
The ignorant navigator very often makes a good guess, and some- 
times makes a bad one and runs his ship by it into danger. But it 
cannot be doubted that a majority of vessels of the class here referred 
to, and many others, would have avoided disaster by the use of a 
coefficient of safety. 

The erroneous position of the coast-line upon a chart may be con- 
sidered, with regard to an approaching vessel, as represented by an 
equal error in the position of the vessel and in the opposite direction. 
For example, if a coast is five miles in longitude eastward of its 
place as represented on the chart, it is relatively the same as if the 
ship’s actual place is five miles in longitude westward of its com- 
puted position by chronometer. In effect, the error in a coast-line 
may be dealt with as an error in the ship’s position, and it thus 
hecomes connected with the value of the coefficient of safety. The 
determination of longitudes by electric telegraph, by Lieut. Com- 
manders F. M. Green and C. H. Davis, under the direction of the 
Bureau of Navigation, will be of incalculable value to the commerce 
of the world, in multiplying points of reference for chronometer 
errors and in the correction of charts. 

Considering all the various sources of error, the average error of 
the ship’s position at sea, as found from a single astronomical observa- 
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tion, is required, and also the average hourly increase in this quantity 
due to causes operating subsequent to the astronomical determination, 
The application of a coefficient will then show upon a chart the 
circle of possible error; and, in approaching or passing a danger, the 
course of the ship should be laid from that part of the circle nearest 
to the danger, and pursued more particularly as the character of the 
soundings, currents, and absence of lights, render uncertain the 
proximity of the danger. The extreme errors are most difficult to 
uscertain at sea, from the want of a true standard to which to refer 
the computed positions, at the times these errors are likely to oceur. 
It seems, therefore, the best course to adopt a Value of th coefficient, 
say of four units, based upon the discussions of Professor Rogers, and to 
approximate to the amount of the average error. Every navigator may 
find a value of this error; first, in the manner indicated at the close of 
the essay, and, more accurately, bya comparison of computed positions 
with those found simultaneously with the observations, by cross 
bearings, or by horizontal angles by sextant between three points 
when passing well established landmarks. These comparisons should 
be obtained under ail possible conditions, of atmosphere, of height of 
the eye, of altitude and azimuth of the body, and of motion of the ship. 
When a lighthouse or other good landmark is first sighted in the 
course of a voyage, its correct magnetic bearing and distance should 
be carefully determined and compared with the computed or chart 
bearing and distance, and in this manner the error in position at the 
end of a run may be found. For example, if a known point of land 
is seen at a true distance of twenty miles upon a magnetic bearing 
which differs one point from the chart bearing (corrected for devia- 
tion but not for variation), the error of position is not less than 
three and nine-tenths miles. If the bearings coincide, the computed 
distance may be in error, and the amount of the error may be 
ascertained frequently by attention to the progress of the ship and 
the change in the bearing of the object. A table of average errors 
could then be formed, in which the classification should regard mean 
altitudes, latitudes, height of the observer’s eye, and variations of 
the atmosphere; and such results would be very useful, if the work 
be conducted systematically and reported in detail. Observations 
when at anchor in a roadstead, where there is a large are of sea 
horizon visible, ought not to be included in such an investigation, 
as the nearness.of the land will modify the condition of the atmos- 
phere, and as the circumstances are different in other respects from 
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those desired. Even in a roadstead, a series of observations would 
produce interesting results, and would probably lead most people to 
join Professor Rogers, in the respect he feels for the judgment of 
that sea-captain, who placed the average error of a ship’s position at 
five miles. 

The use of the coefficient is not very dissimilar to the best charac- 
teristic of Sumner’s method, in connection with a single line 
of position. The prudent navigator assumes that his ship is not 
at the point on the chart indicated by the computed latitude and 
longitude, nor even upon the line of position, but at any point within 
a belt formed by drawing parallels on each side of the line of posi- 
tion at such a distance as to include ail the probable errors of 
altitude, chronometer, ete., incident to the particular circumstances 
of his observation and progress. 

The essay of Professor Rogers will be read with profound interest 
by naval officers. It indicates a field of investigation in which the 
efforts of naval officers may be usefully exerted. Its practical con 
clusions and warning ought to be impressed upon every man who is 
permitted to lay a vessel’s course. The term Coefficient of Safety in 
Navigation should be received into the vocabulary of nautical phrases, 
to be associated in the mind of the navigator with the errors which 
he must estimate and correct, and to become a momentary element 
in that watchfulness which is the price, though not the assurance, 


of safety upon the sea. 
























A LETTER FROM Hon. R. B. ForBes TO Pror. W. A. ROGERS. 


MiILTon, January 10, 1882 
Pror. W. A. Rogers, Cambridge, Mass 

DeaR Str: I am a member of the Naval Institute, and I have read your 
interesting paper published in Number 3, Volume 7, of the Proceedings. 

[ agree with you that many accidents to ships are the result of over-confi- 
dence. A man takes his sights, works up, and places himself in a certain spot 
on his chart; he says here I am and I cannot be anywhere else. Now, every 
careful navigator when nearing land or places where devious currents are 
known to exist, as on the edges of the Gulf Stream, should plot his position by 
assuming several latitudes in working his time, and he should assume that, he 
may have been set out of his course one way or the other, and so, instead of 
putting down a single dot for his place, and running as if he was perfectly 
sure of that position, he should describe a circle round his assumed position 
and make a course that would be safe if he was on one extreme verge or the 
other. 

How many navigators do this 

The majority, full of experience and confidence, often get into trouble by 
over-contidence. Some good practical seamen running by a single chro- 
nometer, and never taking lunars, fall into errors by placing too much confi 
dence in the chronometer and in their observations by sun, moon, or stars, for 
latitude. In the course of my experience as a navigator, relying on Bowditch’s 
tables, without knowing how they were made up and not caring to know, | 
was in the habit on clear nights of taking the meridional altitudes of every 
star of any magnitude, both north and south. Sometimes I could only find the 
name of the star by noting its bearing from some well-known star or planet, 
and then by referring to my chart of the heavens I could find its name. I also 
was in the habit of moving my index, and bringing my star (now on or near 
the meridian) down several times and taking the mean. Considering * 


uncertainty of the horizon at night, I considered this absolutely necessar, 
whereas most persons, full of ove r-confidence in their eyes and judgm 
take a single sight and work by it 3y thus taking sights at night I frequent'y 


knew my correct place when, by reason of squalls or clouds, I could not cet 
a meridional altitude of the sun the day before or the next day. 

Confidence is all very well when founded on good grounds. I once ran into 
the Rio de la Plata during thick weather, with the wind at NE, making the 
land near Ensenada, well up the river, when the fog lifted, at about 10 a.m. I 
had seen no land since sighting the Cape of Good Hope, or the land about 
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Cape Lagu My chief officer was a man of considerable experience and q 
good navigator, and he had been into the La Plata several times, and was fyjj 
of yarns as to the devious currents, the bad shoals, and the pamperos, Fy 
thought that I, a novice in that region, was running a great risk. But I had 
taken soundings off to the NE of Cape St. Mary’s the night before, and also 
near the English Bank and off Point Indio, and by altering my course in and 
off shore, so as to Keep in three fathoms, my draft of water being fourteen feet, 
| ran up the river under full sail in a dark night, when there were no lights as 
now, except on Flores or Lobos. To tell the naked fact that I ran from Cape 
Lagullas to Ensenada, seventy or eighty miles up the La Plata, without seeing 
any land, would generally be thought the result of over-confidence. So much 
for over-confideace which 1 know has led many into danger. 


My principal object in addressing you is to give you some of the results of 
| . : 


my experience in !ocai attraction in ships both of wood and iron, which has 
been the caus f many wrecks. In the early days of 1843 or 1844, I built 
three steamers wood, the Midas, the Edith, and the Massachusetts. I had at 
that day heard very little about local attraction; I had heard little or nothing 
about Scoresby, Barlow, Airy, or Sabine. I had not taken any measures to 
correct loca] attraction in the Edith, simply because I knew absolutely nothing 
about this insidious enemy. [sailed in her one fine afternoon in winter, bound 
to New York. Consulting the pilot on the way down the harbor and bay as 
to the correc'ness of tay compasses, an error was discovered perhaps amounting 
to one point, heading easterly, carrying us too much to the north; this was 
duly noted and considered as a fact for all courses ; by-and-bye, after running 
by buoys an arings over Nantucket Shoals and Vineyard Sound, we en- 
countered a snow storm and made a harbor under Dutch Island. I should say 
that we had a Goston pilot on board, as well as one of the most experienced 
sound pilots, Captain Daggett. When we came to head to the westward it was 
found that the error which was noted going down towards Cape Cod, which 


carried us to the left, when applied to a westerly course was all wrong. We 


were all puzzled; but in a blinding snow storm in a new steamer, fully rigged, 
manned by riggers hired by the run, and commanded by a man named Lewis, 
who had never been in charge of a steamer and had no idea of local attraction, 
we were too giad to get snug to anchor and had too much on our hands to 
commence the study of local attraction. It was evening when we came to 
anchor at Dutch Island. The storm continued until morning, when the wind 
shifted to the WNW, with cold winds; the bark was loaded with ice and 
snow ; after clearing this off, late in the day we got under way for the sound, 
under steam and sail, While daylight lested all went on well; the pilots and 
the captain did their best beating to the westward, and probably taking littl 
note of the acti f the compasses; pilots under like circumstances look at 
the land and tack when they think they are in the place to do so. They did 
not at that day know anything about local attraction. The light at Watch 
Hill had been seen ¢ rly in the evening, Block Island Light also; about 8 P. M., 
just as we were going to supper, I requested Captain Lewis to give me the 
bearings of Block Island, Watch Hill, and any other lights. I plotted these 


bearings on the chart and could make nothing appear right; about this time 
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we tacked to the WSW. Other bearings then taken made still more confusion 
and I felt disposed to believe Captain Lewis had not given the right bearings 


I called Captain Daggett and I said that I could not make out our position by 


the bearings, ard I thought our compasses were all wrong; he agree 1 to this 
and said, “ Make yourself easy, I have seen Watch Hill, Block Island, Fisher’ 
Island, and Stonington, and we are now heading to clear Little Gull.” We 


were beating under nearly all sail and steam, and everything except the com 


pass seemed to be going right,and we went to supper. We had scarcely com 


menced our meal when she strvck and nearly stopped, bumping hard; I ran 


up and heard Daggett cry “ Let go the anchor,” which is what the f 


pilots do when they get into tr uble Mr. Fowler, the Boston pilot, cris 
“Hold on the anchor, al it ship, vive her steam :” and after a few bumps ! 
came round, and it was then determined that Daggett had been running to pas 
Montauk, leaving it on his left, instead of Little Gull Light. We had struck 
Shagawanoc reef, near Montauk, or possibly on some shoal since loca 
between Montauk and Little Gul]. Now, with the chart before one, knowin; 
that in a clear winter's night all the lights had been seen, it would seem to .b 
quite impossible for any man in his senses to be so completely lost. It wouidc 
seem quite impossible that two pilots and the captain, all constantly on th 
watch, and one passenger (myself), who thought he knew more than 

them, should get into such a scrape. After getting fairly into the sourd we 
discussed the subject. Daggett said that he had been deceived by the snow 
the land, and that he had calculated on a strong tide setting us to windward 
when in fact it was setting us dead to leeward. We also found out that it 
] 


tacking very close hauled she did not appear to lay up by compass within less 


than 7} points, although we were quite sure she lay within 5 or 54. Ji we ha 
been beating to the eastward the compass would have shown that we lay up 


inside of 4 points! I then first seriously began to study local attraction. 

Ina year or two after, I left Boston in the Massachusetts for New York 
going down the bay we found a considerable error in the compass, but I think 
it was in the opposite direction from the Edith’s error. We went outside of 
Nantucket and Long Island We had an ex pe rienced New York vilot o: 
board, and when, during the night, he was standing in for Fire Islard Light 


and could not find it, he assumed that he must be right and that Fire Island 


ik 


Light was out, and continued standing on; when daylight came, we foun 
ourselves off Barnegat! In fact we were so far to the southward that wher 
we shaped our course for Sandy Hook we set our starboard studding-sail 
breeze from about ESE 

Not very long after this experience, the iron towboat the R. B. Forbes had 
been found almost useless in thick weather, owing to her being almost all iron 
In running in for Broad Sound in a fog, the master, Griffith Morris, ran on w 
the ledge off the NE end of the Graves, and knocked a hole in her bow com 
partment, which, to use the captain’s liberal phrase, was big enough to carry 
in a wheelbarrow She backed off and came to her dock somewhat by the 
head, owing to water in the forward compartment. Morris had not had the 
benefit of a liberal education, excepting in rope yarns and piloting. He began 
to study local attraction and to make experiments with magnets, and he se 
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found means to make the compass of his iron pot, i 


1 the wheelhouse and 
partly over the | er, quite correct, to give him confidence in his e yurses: he 
repe atedly towed valuable ships to New York through the sound in bad 
weather, and never met with any accident. About this time, say in 1846 or’47, 
I was made aware of Morris’s pretensions, and I had many conferences with 
him. Among other things Morris said, that when steam was up and the wind 
blowing from aft, carrying the heat from the funnel into the wheelhouse, he 
had to make some allowances: this coincides with what is said on page 226, 
quoting Dr. Scores} 

At my instigation, the Navy Department permitted Morris to correct the 
Merrimack, then fitting out under Captain Pendergrast; he was not allowed to 
swing the ship, and he applied his corrections at the sheers; when ready for 
sea, I accompanied her in my namesake outside the Light, where she was 
turned round, bearings taken and all pronounced to be right Morris was to 
be paid after six months’ trial; at the end of that time he received his pay, the 
captain and his navigating officer attesting to the accuracy of her compass, 
between about 50° and 10° north latitude Che ship went round Cape Horn 
under Commodore Long, and on arrival at San Francisco he reported to me 
that his compass was all right, both in north and south latitude I have no 
actual proof of the existing error before Morris applied his corrections, but he 
informed me that lying at the sheers he estimated it on certain headings as 
much as two points. After hearing from Commodore Long, and desiring to 
have Morris tried on some other ship, I procured an order to correct the Min 


nesota, fitting out for Ch under Commodore Dupont; Morris went to Nor 
folk, and finding an iron spindle to the steering wheel near the binnacle acting 
as an obstruction, asked to have it changed for a composition spindle; red tape 
refused on the ground that that iron spindle was customary, and it was not 
until I had examined ships at Boston that I discovered composition was. the 
right thing there, and, by stating this to Commodore Charles Morris, the desired 
change was made, and mmodore Dupont reported, from China, “ compass 
correct, north and s ; 

Calling again on the Government to permit Morris to correct other ships, I 
was told by the officer at the proper bureau at Washington (I think it was 
Ingraham) that the report from the Merrimack was unfavorabl I requested 
a copy of it, and I found that the 1 imum error W stated as tivo and one 


half degrees, and this error was arrived at by azimuth and amplitude, and by 
consulting a magnetic English chart eight years old. 1 said to the chief, This is 
a complete vindication of Morris ; compasses, as usual, placed in binnacles, out 
of the line of the kee id three or four feet apart, differ, almost ilways, as 
much as this. It was also stated in the report that Morris “ had failed to isolate 
the compass,” inasm' as moving the after pivot gun it was disturbed. As 
Captain Morris had never pretended to annul terrestrial magnetism, or to make 
his compass correct when guns were moved near it, this statement showed that 
the young officer of the Merrimack had not studied the subject as it is now 
studied at Annapolis. Subsequently, Morris corrected several of the public 
ships, and many merchant vessels: also, two iron steamers sent to India, and 
they were reported all right in both hemispheres. Captain L. M. Golds 
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borough, one of the best educated officers, said when the Merrimack and thi 
Minnesota arrive at or near to the equator, Morris’s corrections, good for north 
latitude, would be all wrong 

[t had been long 
rected by magnets and fe ders of soft iron at London, would be all wrong in 


mceded by the savans of Europe that an iron vessel cor 


the southern hemisphere, or reversed, as stated on page 226, in regard to th 
Royal Charter in W hich Scoresby embarked I had received a letter from the 
captain of a steamer of iron, running to the St. Lawrence, stating that ‘1is shi; 
had been swung and that he had compasses at several points which were 
rect in England, but which were all wrong on arrival at or near the river. In 
short, no one was believed who said that any one could by magnets or other- 
wise make a compass to tell the truth in both hemispheres, and without any 
change of the appliances. Now for my experience. The iron yacht Edith’s 
compass where I wished to put it was wholly useless: I was to go to sea the 
next day and I called on Morris to correct her; he said that he would do so 
for the cruise, and add to his means something more when he cou!d swing her 
more thoroughly: he placed the compass on the slide of the companion-way 
lighting it from the cabin by plate glass set under the compass. Morris went 
to sea with us, and we found the compass correct on all courses when the 
companion slide was sed I ran that boat two summers without any 
changes, and then sent her to the La Plata, and her compass was correct all 
the way. I navigated her for several months in that country, and all proved 
correct, or if not right, | had not discovered the error 

The same year, namely, November, 1858, I left here in the iron brig Nankin 
for the La Plata; in examining her for deviation of her compass in the place 
assigned to it, near the iron wheel on the trunk cabin, there were found errors 
on some headings amounting to more than ten potnis ; she was corrected by 
Captain Morris, and when we sailed, the north star and the sun’s bearing, at 
noon, were carefully watched, both by the captain and myself, and no error 
was found: no change of the magnets was made, and no error was discovered 
on crossing the equator, or anywhere on the way. The brig went to China, 
and there loaded for England. The captain was ordered to watch his compass 
carefully, and to report any change; on arrival in China he reported that in 
running down his easting, in latitude about 40°, he fownd an error of about 
one point, but he gave no details; on arrival near Java the error vanished: | 
demanded particulars, and I found that a pivot gun, which was mounted abaft 


the wheel, had been stowed below on reaching the stormy latitude; I found 
ralvanized boats, which were hung to the davits, had been taken 


also that the 


in and stowed somewhere on the trunk; they were replaced on nearing Java 
hence the error and its cure From the time of her leaving China for Lond 
and her return to China under a new captain, I heard nothing of errors in he 


compass, although I received copies of her logs. 

In the same year, 1858, I sent an iron steamer to the La Plata, she was cor 
rected by Morris, and she went out all right as reported by Captain Breck. 
During the late war | sent the iron steamer Pembroke to China, under Captai: 
J.A. Cunningham, and she went like the others without any trouble from loca! 
attraction. All these vessels had notable of errors on certain headings, they 
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were absolutely correct for a!l purposes of safe navigation. In Europe I haye 
not heard of any vessels corrected for local attraction which have not had a 
table of errors for almost all headings, excepting perhaps when going nearly 
north or south, and it has been declared over and over again that no iron vegge| 
could be corrected for both hemispheres. When Captain Morris was engaged 
actively in correcting vessels for local attraction, I requested Professor W, B. 
Rogers to call cn him with a view of getting him to explain his method: the 
Captain said it wou'd result in nothing, as he could not explain to a scientist jn 
scientific terms what he aimed to do; after an interview Mr. Rogers said to me 
that while he could not explain the method, he was satisfied that Morris was 
no charlatan, and he added that he had learned something new to him in regard 
to magnetism and local attraction. 

Another remarkable case was the iron brig Mahlon Betts, built at Wilmington, 
Delaware, for a coaster; when ready ior sea it was discovered that her com- 
pass, situated in the after part of the trunk cabin, was of no more use than a 
Hingham box; she came to Boston and Captain Morris was called on to correet 
her; in swinging her the compass would stand still for many points and then 
jump or swing several points; the corrections were applied, and for several 
years I kept the run of her and was informed that the compass was, as Captain 
Godfrey expressed it, as correct as any compass he had used in wooden vessels ; she 
went to Trinidad, in about latitude 10° north, the captain said that in order to 
get safely to Boston he was obliged to follow closely on other coasters; he 
reported that in a head sea when she was pitching heavily his compass swung 
back and forth very much. Morris explained this to me; she had a long highly 
magnetized spindle to her steering wheel, which was very far aft; the forward 
end came within two or three feet of the compass, and he said that every time 
she pitched and settled aft in a seaway, the poles of this spindle changed, hence 
the violent oscillations of the needle. Morris illustrated this by removing the 
fastenings and canting the spindle up and down in imitation of pitching, and 
I observed a corresponding movement of the needle—he said in his quaint lan- 
guage, “I have a hard nut to crack in this vessel, I must first knock the mag- 
netism out of this long shaft; I am not sure of being able to fix this craft, but 
I shall try.” The result proved that he could do it. 

After I had studied Airy, Barlow, and others, I sent their works to Morris; 
he had reed little about local attraction; after reading them, he said, “ These 
gentle: m to know much more than I do on magnetism, fixed or induced, 
and on low. attraction, but they fail to find a perfect remedy; they do not 
pretend ‘o «. rrect an iron ship without a table of errors and for both hemi- 
spheres” ‘ie also said that if he had had access to these books long before, it 
would have saved him much anxious thought and much expense in experi 
ments. 

He went so far as to say that if he could procure a perfect table of errors in 
a ship at a distant port, the errors carefully taken by swinging the ship out of 
the influence of local attraction on the shore, he could formulate corrections 
and give orders for placing his magnets so as to neutralize the errors; but he 
said, few men could be trusted to make up the table of errors, hence it would 
be almost impossible to correct a ship under the circumstances. 1 inquired in 
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regard to his process of doing such a work, when he said, “I have a plank at 
home completely isolated from any local attraction; it is hung on a pivot and 
revolves freely ; this is my ship; having a correct account of the errors, I cause 
my ship to be beset with precisely the same errgps, I correct them and give my 
orders to the distant ship.” As it is many years since he said this, | may be it 
error as to the premises. 

A remarkable incident occurred in regard to a United States ship, I think it. 
was the Hartford; Morris corrected her and she went to the East Indies, some 
adverse reports came as to the correction of her local attraction ; on her return, 
Morris went on board of her and soon discovered the cause; the small arms 
which were originally placed in rack at the sides of the sh'p had been re 
moved amidships not very far from the binnacle, and they had been the cause 
of the error. Morris was called on to correct one of the ships built at Boston 
during the rebellion, i think it was the Canandaigua, he found her binnacles as 
usual placed one on euch side and in froht of the wheel near which was a 
round skylight with a high combing, the compasses differed more than usual ; 
I visited her with Morris, he took out of his pocket a compass about four inches 
in diameter, and applied it to the combing in several places and declared that 
it was fastened by iron bolts. I saw Mr. Hanscom, the navai constructor, and 
called his attention to the fact; he said that it was impossible that any iron 
should be found within five or six feet of the binnacles; Morris pulled out his 
compass and declared that there were iron fastenings. Hanscom sent for his 
men and they drifted out one or more of the fastenings composed of long tron bolts. 
Then Morris said that there was iron about the binnacles themselves, and 
Hanscom said that was out of his line; on examination of the lamps in the 
binnacles it was found that they were made of tin covered by a coating to give 
them the appearance of brass; going a little further I went to the store room 
where the new supplies were kept and found the same dangerous lamps, which 
by rule should have been of copper. 

I have gone somewhat at length into this subject of local attraction in order 
to show that a man who made no pretensions to science, really accomplished 
what has never been done before or since to my knowledge, that is, to correct 
local attraction in iron vessels for both hemispheres without any table of errors. 
Repeated attempts made by myself to induce the government to adopt Morris’s 
corrections were invariably met by the assertion that they could not do so 
unless Morris would fully divulge his methods; it was said by the late Admiral 
Davis, who was in charge of the Bureau of Navigation or Hydrography, thut it 
smacked of empiricism or quackery, and he could not countenance any such 
uncertainties. 

Morris was urged to submit his process to a committee of experts at Cam- 
bridge, such as would hear al! he had to say under seal of secrecy, and if found 
expedient they were to be asked to say simply that Morris was nwo charlatan 
and ought to be patronized. To this he always said—I give his own words— 
“ As every ship differs in her kind and quantity of local attraction, every one 
requires special treatment, not only as to the kind of attraction but as to the 
remedy ; I cannot explain to experts in science what I can do, in language that 
would be at all familiar to them or creditable to me; they would probably so 
christen my child that I should not know it.” 
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He used to say that local attraction from cast iron must be treated differently 
from soft malleable metal; he went so far as to say that an iron ship could, at 
a large expense of labor, be so constructed as to be free from local attraction; 
in the first place she should be placed heading due north or south, and as every 
plate, and every bolt, and every rivet, has its north and south pole, that fact 
must be taken into account in putting all together, so that one piece shall neu- 
tralize another. This brings me to one important fact in bis operations; this 
was told me in confidence, but as Morris has gone to the far country where 
moths and rust and loca! attraction do not exist, I feel myself absolved from 
my promise of keeping his secret. 

He said, “In Europe they place bars of considerable size and completely 
charged by magnetism in certain relations to the compass. On going from one 
hemisphere to the other, the poles of these bars change; not by a sudden jump 
on the equator, but by degrees as they approach that locality ; hence the rever- 
sion or the doubling of the errors, as Scoresby said. I make my magnets of 
small square bars, and by careful manipulation I have a north and south pole 
for every bar; I reverse these poles and pack them in an air-tight copper case, 
hence on going into the southern hemisphere my corrections remain intact.” 

Morris was fully aware that certain changes take place in the magnetism of 
ships, or iron bars, or plates, or propeller shafts, and that corrections must be 
renewed from time to time. He said that a shaft revolving rapidiy, and with 
more or less friction and bumping, would be apt to change its character mate- 
rially: but that the shaft being generally so far from the binnacle that the 
changes would not affect the compasses; he also attributed the changes found 
in iron ships to the constant vibration of the machinery, and to the almost 
constant shocks of the sea. 

I have said enough to show how much confidence I had in Morris, who when 
put into my namesake as mate, from a pilot-boat, was wholly ignorant of local 
attraction, as most of us were at that time, say about forty years ago; perhaps | 
have said more than enough to convince you that I am not a scientist in any 
sense, 

I am, very faithfully, your servant, 
R. B. ForBEs. 
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MACHINE GUNS. 


By Lieut. W. W. KrmBaLyb, U. S. N. 


Machine guns are those engines of war constructed with a view of 
obtaining by mechanical means, and with a comparatively small per- 
sonnel for their service, a greater proportional rapidity of discharg: 
of small projectiles than can be produced by other kinds of artillery 
or by small arms. 

The idea of a firearm having many barrels intended to be fired 
together or in rapid succession was a favorite one among arms makers 
and arms users in the earliest days of gunpowder-consuming weapons, 
an idea that resulted in the ribaudequins, orgues, orgels, organ guns 
and tube guns of the period extending from early in the fourteenth 
to the middle of the seventeenth century. ‘These weapons were ori- 
ginally of clumsy construction and could not be rapidly discharged, 
but their employment was continued and their manufacture improved 
for two hundred years after the discovery of the process of corning 
gunpowder, probably because in their barrels of small calibre the 
corned powder could be used, while for field-pieces, owing to the 
difficulty of withstanding the rupturing strains and controlling the 
recoil due to granulation, the powder dust was retained. As gun- 
founding improved and the mobility of field-pieces increased, the use 
of multi-barrel guns was gradually given up, and for two centuries 
but little was heard of them as weapons of western nations, although 
guns of this description were in use in the far East up to a recent 
date, and as late as 1871 some were found among the armaments of 
the forts in Korea. ; 
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Although there is no record of any practical machine gun having 
been in use in the field for two hundred years, it is not to be supposed 
that the idea of such an arm lay entirely dormant for so longa 
period, and as a matter of fact we find mention of several devices for 
increaging rapidity of fire. Among them may be mentioned the Puckle 
gun, patented May 15,1718. A cut shows this gun to have been a 
single barrel arm, fitted with revolving chambers six in a “sett,” 
Each “sett” of chambers was fitted with a crank handle, and was 
removable from a central “screwe whereon ye setts of chambers doe 
playe off and on.” ‘The crank handle served to revolve the “ sett” of 
chambers, bringing each one, in succession, to the firing position at 
the base of the barrel. As far as I have been able to learn, this appli- 
cation of the revolving principle was the earliest attempt at obtaining 
that continuity of fire which is to-day one of the chief advantages of 
modern machine guns. This arm was mounted upon a tripod and 
fitted with a traversing and elevating lever, in much the same way as 
are the lighter machine guns of the present time; but unlike them, 
the form of its projectiles depended upon the religion of the enemy ; 
accordingly it was furnished with a set of cylindrical chambers “ for 
shooting round bullets against Christians,” and a set of chambers 
square in section “for shooting square bullets against Turkes.” 
Again, a century later, we find mention of an eleven barrel machine 
gun devised by an American for use against the English in the war 
of 1812. 

The impetus given by the Crimean war to the production of highly 
destructive weapons resulted in the invention of many multi-barrel 
guns which were submitted to different governments, but none of 
which were considered worthy of adoption. When the war of the 
Rebellion turned the attention of American inventors more particu- 
larly toward the subject of arms, the machine gun idea again came to 
the fore, and at the end of the war we find that some twenty-five 
different machine gun devices had been submitted to the ordnance 
authorities of the United States. 

Three of these guns, the Requa, the Union, and the Gatling, were 
tried in the field. The Requa gun consisted of twenty-five barrels, 
each twenty-four inches long, arranged upon a horizontal plane, and 
held in position by an iron frame mounted upon a light field-carriage. 
Upon the frame, in rear of the barrels, was fitted a sliding bar worked 
by two levers (one at each side), by which the cartridges were forced 
to the rear of the chambers. By a lever under the frame the barrels 
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could be discharged so as to scatter the balls one hundred and twenty 
yards in a range of one thousand. It was a volley-firing gun cap- 
able, when served by three men, of delivering seven volleys or one 
hundred and seventy-five rounds per minute. Five of these machines 
were employed at the siege of Fort Wagner, Morris Island, July 12 
to September 7, 1863, and such was the confidence felt in them that 
up to the forty-second day of the siege they were the only artillery used 
advance of the second parallel; they were advanced with the 
approaches, were depended upon as the main defence against sorties, 
were used against the enemy's sharpshooters, and, on one occasion— 
August 23, 1863—took a prominent part in a brisk skirmish. 
Although these arms were very crude in comparison with the ma- 
chine guns of the present day—June, 1880—their effectiveness was 
vouched for by Major Brooks, A. D. C. to General Gilmore, and 
assistant engineer in charge of the approaches on Wagner, who, in 
his report to the General, SUys : “Although the defensive properties 
of the Requa rifle battery have not been severely tested in the small 
amount of service above recorded, I feel quite satisfied that it is 
adapted to the defence of earthworks, particularly in a flat country 
like this, where the horizontal dispersion afforded by the fire of this 
piece is more effective than the cone of dispersion of the howitzer.” 

The Union gun had a single barrel, surmounted by a wide 
hopper over the breech into which the charges were loosely 
poured ; the function of the breech mechanism when operated by a 
crank was to bring the charges successively in line with the barrel, 
loal them into the chamber and fire them. This gun was used to 
some extent in the Peninsular campaign and during the siege of Rich- 
mond, but was not considered an effective arm. 

The Gatling, essentially in general mechanical principles what it is 
to-day, was put in the field with General Butler’s forces near Rich- 
mond, and did effective service in repelling attacks. Among the 
other machine arms brought into notice during the war of the Rebel- 
lion may be mentioned the Billinghurst, of a form like that of the 
Requa, but without the diverging device ; the Vandenburg, a grouped 
barrelled volley-firing gun, delivering volleys of eighty rounds; the 
De Brame, a single barrelled gun fitted with six revolving chambers ; 
and the Nugent, in principle very nearly like the De Brame. 

Although many of these guns, and particularly the Gatling, the 
production of which was a long step in advance of the others, pos- 
sessed many of the requisites of a good machine arm, they all suffered 
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alike from the lack of an efficient gas-check: and it was not till the 
perfection of the manufacture of metallic ammunition furnished 
this essential that the modern machine gun can be said to haye 
existed. 

On May 9, 1865, certain improvements upon the Gatling were 
patented, improvements that rendered it capable of automatically 
loading, firing, and extracting the empty shells while using inetallie 
ammunition that furnished an efficient gus-check ; this solved the 
problem of producing a practical machine arm. ‘The modern ma-, 
chine gun may be defined as an engine of war capable, through its 
power of loading, firing, and extracting the fired shells automatically, 
of producing a very great rapidity of discharge of small projectiles 
while requiring but a comparatively small personnel for its service. 

As soon as the improved Gatling appeared, exhaustive trials were 
given by the United States Government, and in July, 1866, the gun 
was tried in competition with the 24-pounder howitzer, as a flank 
defence piece. The result of this trial was so favorable to the ma- 
chine gun that it was adopted as a service arm, and on August 24, 
1866, an order was given for one hundred guns—tifty of 1” calibre 
and fifty of 0.50” calibre—on condition that they be made at Colt’s 
Armory, Hartford, Conn., an order by which the United States took 
the lead of the governments of the world in adopting the machine 
gun as aservice weapon. On the eastern side of the Atlantic the 
merits of machine guns were not appreciated till some time later, 
and none of them were put in the field in the Austro-Prussian war of 
1866. Indeed, no foreign nation except the French seemed to seri- 
ously consider the subject before 1869. In 1863, a letter to Dr. Gat- 
ling from Major Maldon, of the Committee of Artillery of the French 
ministry of war, states that “ your cannon has created a profound 
interest ”; and, in 1867, a Gatling gun was taken from the Universal 
Exhibition at Paris and subjected to a series of trials at Versailles, at 
most of which the emperor Napoleon IIL. assisted personally. 

Soon after, at Meudon, was begun the fabrication of the machine 
guns known as the French mitrailleuses, and, in 1869, the French 
had on hand one hundred and ninety of these guns ready to be put 
in the field for use against the Prussians. In the same year appeared 
the Agar and Claxton guns in England, and in this year too the 
Gatling was adopted as a service arm by Russia, that government 
ordering two hundred and twenty guns from Colt’s Armory, which were 
delivered in due time; while Prussia tried and rejected machine guns 
of both the Montigny and the Gatling types. 
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The Franco-Prussian war demonstrated the fact that the machine 
gun was a practical weapon, under certain circumstances superior to 
anv other. In the affair before Saarbruck it received “the baptism 
of fire” with the Prince Imperial, and was continually used by the 
French til! the close of the war: often used in positions where good 
judgment would not have placed it, often left unsupported by infan- 
try, rarely placed in action so that a machine gun battery could de- 
fend its own flanks, often exposed to artillery fire unnecessarily, but 
often, as the slopes of the Mamelon, the glens of Gravelotte, the fields 
of Beaugency, and the streets of Beaume le Rolande can attest, prov- 
ing its terrible power as a man-killing machine. 

Beside the mitrailleuse, the Gatling and the Claxton were used on 
the French side. Machine gune were not used by the Prussians 
except as the captured mitrailleuses were turned upon the enemy, 
and except two batteries of almost worthless Feld] guns that were 
attached to the Bavarian corps of Von der Tann. Quickly follow- 
ing the demonstration of its utility in the Franco-Prussian war, 
the machine gun was generally adopted as a service weapon by the 
nations of the world. In 187! England adopted the Gatling, Austro- 
Hungary the Montigny, Turkey the Gatling, Spain the Gatling; in 
the year previous Egypt had ordered eighty Gatlings as her machine 
gun armament. About this time the United States Navy after 
many trials, the first of which was held in 1863, adopted the Gatling 
as an arm for use in clearing decks and for boat service, an example 
soon followed by other navies. 

From 1871 to 1874, machine guns were made in three general 
Classes, heavies, lights, and mediums. The heavies were intended to 
take in a degree the place of shell fire, by supplying great rapidity of 
fire; the lights were to be used as Aailers, to supply the equivalent 
of a concentrated infantry fire, and the mediums were intended to 
have a greater range than the musket calibre hailers, and still have 
greater mobility than the heavies. ‘The calibres of these guns ranged 
from 1” in the heavies to the musket calibre in use in the lights. 
In 1874 appeared the Hotchkiss revolving cannon, a gun throwing a 
shell of 14 Ibs., and after that time the medium guns fell into disuse, 
the general opinion being that but two kinds of machine guns were 
necessary: the hailers, using the ordinary musket ammunition, and 
the revolving cannon or some sbell-tire gun. Meantime, in 1872, the 
Palmerantz—now known as the Nordenfelt—had appeared in Swe- 
den: the Argentine Republic had adopted the Gatling in 1873, fol- 
lowed in 1874 by China and Japan, and 1875 by Tunis and Siam. 
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In 1876 the Gardner and Lowell guns were brought out in the 
United States, and in the same country within the succeeding two 
years appeared the Taylor and Farwell guns. In 1879 the Hotchkiss 
revolving cannon, a gun manufactured by its American inventor in 
France, had been perfected, and was adopted as a service arm by that 
country and by the United States. 

At the present time, Junc, 1880, the tendency is toward increasing 
the rapidity of fire of the hailers and the calibre of the machine 
sannon. The writer has fired from the improved Gatling forty mus- 
ket cartridges—the charge of a single feed case—at the rate of two 
thousand five hundred per minute, and has fired one thousand rounds 
per minute from twenty-five feed cases without great effort. Hotch.- 
kiss has proved the practicability of applying his revolving cannon 
principle to guns throwing four-pound projectiles, capable of pene- 
trating the sides of ordinary merchant steamers at three thousand 
metres. Dr. (tatling has in hand a single barrel machine cannon for 
throwing two-pound projectiles; and Nordenfelt has a one inch 
calibre gun on trial, and proposes to go farther in the direction of 
increase of calibre. Dr. McLean is manufacturing a machine cannon 
at New Haven, Conn., the principles of which are not published, but 
claimed to be such that they can be applied to heavier calibres than 
have as yet bee: used in any machine gun. 

Since the Franco-Prussian war the machine gun has had a prom- 
inent place in al! actions of a y consequence when it could be ob- 
tained. England used the Gatling in her later “wars with peoples 
who wear not trousers,” the Ashantees, the Zulus, and the Afghans; 
and it was used by the Shah in her affair with the Huascar. The 
same arm was used by Russia in the Khivan expedition, and by both 
sides in the Ruseo-Turkish war. 

In the Chileno-l’eruvian war at present going on, machine guns 
have been freely use! by both sides, afloat and ashore, the Peru- 
vians using the Gatling and the Gardner, the Chilians the Nordenfelt. 

The foregoing brief sketch of the history of the machine gun is 
necessarily very incomplete, owing to the inability of the writer to 
obtain satisfactory data. 


PLACE OF THE MAacHINwE GUN IN TACTICS. 


By the military opinion of most nations the machine gun is 
assigned the place of an auxiliary arm for special service, to be used 
as occasion may require with artillery, cavalry, or infantry. 
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English, German, and Swedo-Norwegian authorities pronounce the 
machine gun absolutely useless for the attack in the field against an 
enemy provided with good artillery; in France, Russia and Spain 
the weight of opinion seems to assign to the machine gun the duty of 
providing a concentrated fire at points in the line where it may be 
necessary, and where there is not room for infantry during the attack. 
In the United States there is great diversity of opinion as to the 
value of the machine gun as a weapon of offence, but it is adapted to 
move with all three arms of the service. 

Since the Russo-Turkish war has demonstrated the value of high 
angle smal] arm fire, and since the musket calibre machine gun has 
been found to be effective against bodies of troops up to three thou- 
sand yards, and as machine cannon can deliver an effective smali 
shell fire at still greater ranges, it is not at all apparent that, in the 
wars of the future, the machine gun will not have a prominent place in 
the attack in the field; especially if, as is generally conceded, the 
use of long range smallarms has determined that “in case of an army 
about to attack, it is more than ever desirable to precede the advance 
of troops by a concentrated fire of artillery.” 

Against the gun-servants and horses of a field battery, in the open, 
at ranges above two thousand yards, it would seem that the machin 
gun fire might be effective, while the gun itself could remain in 
action unless the field battery were served with the utmost accuracy ; 
for the object of the tield gun fire would be the machine gun itself, 
while that’ of this latter would be the larger target of the personnel 
and animals. That this is possible was proved at St. Jean sur Eroe, 
where the comparatively inefficient French mitrailleuses drove the 
fine Prussian 12-pounder field gun out of action; if it be possible to 
use the machine gun against field-pieces in the attack, it would 
surely be so against masses of infantry or .avalry, and of course 
against other machine gun batteries. 

But from the earliest times of gunpowder-consuming weapons, the 
effectiveness of the machine gun in the defence has not been qnes 
tioned. The ribavdequins were used in the defence of fortifications, 
breaches, bridges and defiles. The Puckle gun, before alluded 
was named “A Defence,” and the cut of the gun bears the motto, 

“Defending KING GEORGE your COUNTRY and LAWES 
“Ys Defending YOURSELVES and PROTESTANT CAUSE.” 
It was claimed to be useful in the defence, 
“For Bridges, Breaches, Lines and Passes’ 


“Ships, Boats, Houses, and other Places.” 
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In reporting the results of the trials of July, 1866, that caused the 
adoption of the Gatling by the United States government, Colonel 
Baylor says: “in my opinion this arm could be used to advantage 
in the military service as a flank defence gun, and mounted on a field 


carriage, to defend bridge, causeway or ford 


In 1874 Gen. Gilmore’s board enumerated as the advantages con- 


ceded to the Gat ing 


its peculiar power for the defence of intrenched positions and villages; for 
protecting roads, defiles, and bridges ; for covering the embarkation or debarkation 
of troops, or the crossing of streams ; for silencing field batteries or batteries of 
position; for increasing the infantry fire at the critical moment of a battle; for 
supporting field batteries and protecting them against cavalry or infantry charges . 
for covering the re t of a repulsed column; and generally the accuracy; 
continuity, and intensity of its fire, and its economy in men for serving, and 
anima!s for transporting it 
In the same year General Barnard’s board reports: “Its effi- 
ciency in field works, not nly for flank but for direct fire, seems 
unquestionable. ‘Chis board give it as their opinion that a num- 
ber of Gatling gune may be effectually used on the parapet of works, as 
being more accurate in their fire at a distance upon reconnoitering 
parties, both by la: and water, than field artillery, or pieces in posi- 
tion, or even mug <etry, and they can be served with less exposure, 
Many of the barbette batteries that have been recommended by this 
board are isolated and unsupported by permanent works. Some 
small keeps will probably be built to protect them. The Gatling 
gun will be found very efficient in these keeps to clear the advanced 
batteries if attacked by boat or shore parties with a view to spiking 
the guns, and will sweep the approaches to such batteries. Further, 
the Gatling gun wil! prove very serviceable in firing into the « mbra- 
sures of iron-clad ships that approach within one thousand or twelve 
hundred yards of a fort. For these various purposes it will be per- 
ceived that each fort may use judiciously a number of Gatling guns.” 
in 1870 Col. Way’s committee in England recommended the 
Gatling: 


“To assist in Gefeu:ling such positions as villages, field entrenchments, &c., 
the committee feel satisi e¢ that the smail Gatling would be found invaluable. 
For the defence of caponniéres for covering the approach to bridges or 
tétes-de-pont, for defending a breach, and for employment in advanced trenches 
or in field-works where economy of space is of the utmost importance, the 


same sized Gatling would unquestionably be a most effective weapon.” 
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“For naval purposes, the smal] Gatling would apparently be well adapted 
for use in the tops of vessels of war, to clear the enemy’s decks or open ports 
while for gunboats that carry only one heavy gun, and for boat operations, the 
medium sized Gatling would be most effective in covering the landing of troops 


or for service up close rivers.” 


In a second report of the same committee made in 1871, we fine 
that: 


“The committee consider that, in addition to its employment on board ships 
of war, as already recommended, a gun of this calibre would be found exces- 
sively useful for the defence of coast batteries against the attack of boats or for 
assisting in keeping down the fire of ships, engaging forts at close quarters, or atiempt 
ing to force a passage by pouring an incessant fire into their ports. Such Gatlings, 
well served, would effectually put a stop to any attempt at landing, and wou.d be 
more reliable at short range than field guns.” 

“The committee are unanimously of opinion that a proportion of Gatling 
guns, worked by the artillery and not exceeding the weight recommended in 
their report of 14. 3. '70—viz., 18 cwt.—should accompany every army in the 
field, for the specific purposes above detailed, and that they should be kept with 
the reserves for the express purpose of increasing infantry fire at critical mo- 
ments, in precisely the same way that guns of position are used for strengthening 
the fire of the field artillery.” 

“The committee are decidedly averse to the employment of mitrailleurs for 
advancing with infantry, or indeed for attacking in any form, except when the 
enemy is provided with an inferior artillery or no artillery at all.”’ 


These extracts from United States and English reports show the 
attitude of the military opinion toward the machine gun in these 
countries, an attitude that is not materially different in the other 
countries of the world, save perhaps in France, where the use of the 
mitrailleurs for the attack is advocated. 

It may then be accepted as the general opinion that, whatever may 
be the case in the future, the present place of the machine gun in 
tactics is with the reserves, to be used as a gun of position for 
strengthening infantry fire at a critical moment, and for holding 
positions against the charges of infantry or cavalry, be they villages, 
defiles, fords, causeways, bridges} flanks of a field battery, or what not. 
Employment of the Machine Gun in Permanent, Field, and Siege 

Works. 
There seems to be very little difference of opinion as to the use of 


the machine gun in works: in all countries eminent authorities that 
have considered the question assign to it the duty of supplying a 
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rapid fire, continuous, successive, or in voileys according to the type 
of the arm adopted ; in fortresses by direct and flank fire, for repell- 
ing attacks from sea or shove, direct or in flank, for driving away re. 
connoitering parties, for use against sharpshooters, for playing upon 
the head of a sap, fcr defending a breach, for ditch defence, and for 
firing into the ports ot attacking ships; in field works, for checking 
the advance of a line or coluinn of any kind attacking in front, rear 
or flank, and for use against the enemy’s personnel and animals of any 
arm found within its range; in siege works, for holding the parallels 
and approaches against sorties, for driving the gun-servants from 
the enemy’s guns. _—s. vurring in a destructive fire through the embra- 
sures or over the parapet, and for dislodging sharpshooters. 


Nava’ Uses of the Machine Gun. 


In May, 1868, a Foard of United States naval officers reported 
upon the Gatling gut. as follows: 

“Wasnrneton, D. C., May 30, 1868. 
Hon. GIDEON WELLES, Seeretary of the Navy, Washington, D. C.: 

Srr:—The undersigned, composing a board appointed by your order of 
14th inst., to examine, test, and report upon the merits of the Gatling gun, as 
to its value for use in the nervy, have the honor to submit the following report: 

From the examination made of the gun, and the repert of tests hereto ap- 
pended, the board is of opinion that, as an auxiliary arm for special service, to 
be used from top-galiant forecastle, poop-deck, and tops of vessels of war, and 
in boat operations against an enemy, either in passing open land-works or 
clearing breaches and other proposed places for landing from boats, etc., if oppo- 
sing infantry and cavalry, it has no known superior. 

Its great merit consists in its accuracy within the limits of its range; the 
certainty and, if need be, rapidity of fire, with the additional merit of only re- 
quiring three persons tc load, direct, and fire each piece, when suitably 
mounted, afloat or ashore. 

The following detailec ~eport of the trial will, it is believed, fully sustain 
the opinion of the board. 

[Here follows a detaile' seport of the trial, and a full description of the gun 
and its ammunition, which is . o extended to be inserted in this paper.] 

The report proceeds th~'s : 

The mechanism of the . uu is simple, and not likely to get out of order; 
but in such an event it couid be repaired on board ship. Spare pieces, as in 
musket locks, could be a part of the outfit. 

Very respectfuliy, your obedient servants, 
M. SMITH, Commodore. 
(Signed,) THORNTON A. JENKINS, Commodore. 
° JOHN L. DAVIS, Commander. 
K. R. BREESE, Commander. 
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During the tweive years that have elapsed since the foregoing re- 
port was made, neither the investigations of officers in this and in 
foreign countries, nor the experiences of service, have developed any 
new points as to the uses of the naval machine gun; but the 
necessity of its employment has been accentuated in proportion to 
the increase of facility of attack by ram and torpedo, and at present 
its duty may be held to be: 

I. In ships: mounted about decks, on the rail or in tops, to delive: 
a murderous fire upon the enemy’s decks, or through his ports during 
the supreme moment of the struggle for a close; to clear the decks 
of boarders ; to provide a defence against boat attacks of all kinds, 
boarding or torpedo; to sweep the parapets and embrasures when 
running past shore works of any kind, and in operations close in 
shore to furnish an effective fire against exposed men and animals. 

II. In boats: to clear a proposed landing place of the enemy’s in- 
fantry or cavalry, whether it be an open beach, a river bank, or the 

‘approaches of a silenced fort; to sweep off the enemy’s boats’ crews in 
interior waters; to defend the boats against a surprise party after the 
landing is effected, and to cover the re-embarkation. 

III. On shore: with the naval brigade or with the army, to be 
useful in all ways that the shore machine gun can be, from quelling 
a mob to assisting in the defence of a fortress. 


Organization. 


In the United States the machine gun has no organization proper ; 
it is considered an auxiliary weapon, and is intended to serve with 
any arm of the service in such proportion as the occasion may re- 
quire. The guns for service with the cavalry are either tripod guns, 
to be carried on pack animals, or are mounted upon cavalry carts, 
light carriages carrying the gun and two small ammunition boxes 
and drawn by a shaft horse with a driver’s horse in traces alongside. 

The French and Spanish have batteries composed of six guns, 
the Bavarians of four, and the Russians of eight. Col. Wray’s com- 
mittee proposed that twelve Gatlings should compose a battery, 
while the Swedo-Norwegian committee considered that it should 
consist of four pieces. 

Thus it will be seen that there is great diversity of opinion as re- 
gards organization, that, in fact, the question is an undecided one 
among military men. To the writer, who has had a little experience 
with American cavalry, it has occurred that four-piece machine 
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gun batteries may be expected to appear, the guns of the iight tripod 
mount type, carried on pack horses, each gun-servant mounted and 
leading an ammunition pack animal. Such a battery could move 
with cavalry, could attack in the open, could quickly take or make 
cover, and, if doing coast patrol duty, would be especially annoying 
to a force making a descent upon an otherwise undefended coast, It 
would seem that four should be the number of pieces, for the reason 
‘at that number would allow great mobility, while it is the smallest 
aat would render such a battery capable of checking advancing 
lines or masses, and at the same time of defending its own flanks, 
In the naval brigade the machine gun is made a part of the field 
artillery organization. 


Supply of Ammunition. 


The question of the supply of ammunition for the machine gun in 
the field has never been satisfactorily settled, for the reason that the 
limit of its transport is so far within the consuming capacity of the 
gun. Some authorities state that the gun should never move witha 
less supply than ten thousand rounds, but the way of transporting 
it without unduly hampering the gun and destroying its mobility 
has not been pointed out. Apart from the great consumption of 
ammunition, most machine guns require it to be stowed in some sort of 
a feeding device in order to get the greatest rapidity, a device that 
invariably renders the weight greater and the bulk more cumbersome, 
The ordinary limber for the shore Gatling gun takes but two 
thousand rounds of ammunition, a supply that could be exhausted 
in two minutes of rapid firing; and in general, the field supply for 
machine guns is very inadequate. The United States navy Gatling 
on shore has but three thousand rounds to draw on from the pouches 
of its twenty gun-servants and from its ammunition boxes; and even 
if the limber be used, with its fifteen hundred rounds in feed cases 
and two thousand in bulk, the total supply is only six thousand five 
hundred rounds, while the mobility of the piece is very greatly 
injured, 

For the supposititions mounted coast patrol battery mentioned 
above, there would be necessary ten ammunition pack animals per 
piece to furnish an approximately adequate supply of ammunition, 
and at the same time enable the battery to move at arun across 
rough country, for the feeding devices are so cumbersome that not 
more than one thousand rounds can be packed upon a single animal 
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that is expected to leap obstructions. The battery with its eighty- 
eight horses and forty-four men would offer a large target for the fire 
of a force descending upon the coast patrolled by it. 

When the machine gun is mounted in field, permanent or siege 
works, aboard ship or in boats, the question of ammunition supply is 


not a serious one. 
( oncluding Observations. 


The oxperiences of the Francc-German war seem to show that the 
machine gun has particularly to dread artillery fire at long range, 
and successive charges of skirmishers that close in upon its flanks as 
the ammunition supply becomes exhausted ; and it would seem that 
the questions of holding positions against artillery fire, and of ex- 
pending the ammunition upon advancing lines or reserving it for 
attacks in flank, are debatable, fully worthy of the consideration of 
officers in command of machine gun batteries. It is evident at any- 
thing like long range the fire should be very carefully made and com- 
paratively slow; that the feed devices should be kept full for critical 
moments by reloading them from supplies of ammunition in bulk, if 
such there be, and that if the battery have no infantry flank support, 
the flanking guns must be ready to repel an attack even if their 
effectiveness in work in front be decreased. In a mixed naval bat- 
tery the machine guns must form the support for the artillery to a 
great extent, and leave the infantry force unhampered by that duty. 

In order that the gun may work up to its full effectiveness, the 
machine gunners must have a very considerable degree of intelli- 
gence, and the utmost steadiness ; compared with infantrymen armed 
with single loading shoulder pieces, they must be as clever mechanics 
are to common laborers—they must be capable of working with a 
killing machine instead of a killing tool; they must understand the 
complicated mechanism of the gun and know its requirements ; they 
must be able to comprehend that retreating from an untenable posi- 
tion to take up a more favorable one is not running away from the 
fight; they must be habituated to the feel of the crank till the 
slightest derangement of the mechanism becomes apparent to the 
touch; they must know how best to apply their power in working the 
firing device, be it crank or lever; and, above all, they must have that 
coolness in danger that will enable them to quickly clear a jam in 
the working parts or replace a disabled lock, and to refrain from 
rapid firing at improper times. Beside these requirements for the 
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field, the naval machine gunner must have forethought and quick. 
ness ; forethought to enable him to have his gun ready for the critica] 
moment, and quickness to seize the few seconds allowed him for work 
against an approaching torpedo boat, or through the opening ports of a 
ship. We of the navy are in duty bound to see that our machine 
gunners possess these requirements as far as they may be attainable 
through drill, discipline and instruction. 


Six TyprcAL MACHINE GUNS CLASSIFIED ACCORDING TO 
MANNER OF DELIVERING FIRE. 
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DESCRIPTIONS OF A FEW MACHINE GUNS. 
The Gatling. 


The Gatling gun consists of a number of very simple breech-load- 
ing rifled barrels grouped around and revolving about a shaft te 
which they are parallel. These barrels are loaded and fired while 
revolving, the empty cartridge shells being ejected in continuous sue- 
cession. Each barrel is fired only once in a revolution, but as many 
shots are delivered’ during that time as there are barrels, so that the 
ten barrel Gatling gun fires ten times in one revolution of the group 
of barrels. The action of each part is therefore deliberate, while 
collectively the discharges are frequent. The working of the gun is 
simple. One man places one end of a feed-case full of cartridges 
into a hopper at the top of the gun, while another man turns a crank 
by which the gun is revolved. As soon as the supply of cartridges 














MACHINE GUNS. 4 % 


in one feed-case is exhausted, another case may be substituted without 
interrupting the revolution or the succession of discharges. The 
usual number of barrels composing the gun is ten. The bore of each 
barrel extends through from end to end, and the breech is chambered 
to receive a flanged centre fire metallic case cartridge. ‘The breech 
ends of all the barrels are firmly screwed into a disk or rear barrel 
plate, which is fastened to the shaft, and the muzzles pass through 
another similar disk, called front barrel plate, on the same shaft. 
The shaft is considerably longer than the barrels, and projects beyond 
the muzzles, and extends backward for some distance behind the 
breeches of the barrels. Directly behind the open barrels a cylinder 
of metal, called a carrier block, is fastened toa shaft, and in the exterior 


_ surface of this carrier block ten semi-cylindrical channels are cut, 


which form trough-life extensions of the cartridge chambers of the 
barrels to the rear, and are designed to receive and guide the cart- 
ridges while they.are thrust into the barrels, and to guide the empty 
cases while they are withdrawn. Behind the carrier block the shaft 
carries another cylinder, called the lock cylinder, in which ten guide 
grooves are formed, which are parallel to the barrels, and in which 
slide ten long breech plugs or locks, by which the cartridges are 
thrust into the barrels, and which close the barrels and resist the 
reaction of the charges when they are fired. Each plug or lock con- 
tains a spiral mainspring acting on a firing pin, by which the charge 
is fired, so that the plug performs all the functions of a gun-lock, as 
weli as of a breech plug. The shaft, to which the group of barrels 
and both the carrier block and the lock cylinder are rigidly attached, 
is free te turn on its axis, the front end being journaled in the front 
part of the frame and the rear end in a diaphragm in the breech 
casing. ‘The breech casing extends to the rear far enough to contain 
not only the diaphragm through which the main shaft is journaled, 
but also form in the rear of the diaphragm a cover for the gearing by 
Which the shaft is revolved. This mechanism or gearing consists 
simply of a toothed wheel fastened to the shaft and worked by an 
endless screw on a small axle which passes transversely through the 
case at right angles to the shaft, and is furnished outside the case 
with a hand crank. A cascable plate closes the end of the case. 
Each lock carries a hooked extractor, which snaps over and engages 
the cartridge flange when the lock is pushed forward, and which, 
when the lock retreats, withdraws and ejects the empty case. ‘The 
cartridge carrier block is covered above the frame by a semi-cylindrical 
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shell, which is provided at the top with an opening of suitable size 
and shape to permit a single cartridge to fall through it into one of 
the channels of the carrier block, which it overlies. There is a trough 
extending upward from this opening and forming a hopper, in which 
a straight feed case can be placed in a vertical position, containing a 
number of cartridges lying lengthwise across the case, one aboye 
another. Beneath the carrier block everything is open so as to allow 
the cartridges or shells which are withdrawn by the extractors from 
the barrels to fall to the ground. Within the cylindrical breech cage 
attached to the frame a heavy ring not quite the length of the lock 
cylinder is fastened to the case and diaphragm, which nearly fills the 
space between the inside of the case and the cylinder. Portions of 
the inside of this ring are so cut away as to leave a truncated, wedge , 
shaped, annular or spiral cam projecting from the inner surface of 
the ring, having two helicoidal edges inclined to each other and 
united by a short, flat plane. Against these edges the rear ends of 
the locks continually bear, there being room enough for the locks to 
lie loosely within the parts of the ring which are cut away. The 
apex of the wedge-shaped cam points to the barrels. Each lock is 
held back against the cam by a lug or horn projecting laterally from 
the end of the lock and entering a groove formed at the base of the 
cam, in the thin part of the ring. 

Straight Feed Cases.—The cases which contain the cartridges, 
and which are applied to the hopper when it is desired to feed the 
gun, are long narrow boxes of sheet tin reinforced by gun metal, open 
only at the lower ends. ‘The cross section of the case is trapezoidal, 
the edge next to which the heads lie being wider than the cartridge 
heads, while that which receives the points of the balls is of the width 
of the ball. This form enables all the cartridges in the case to assume 
a horizontal position, because the heads of the contiguous cartridges 
have room to roll over slightly, so as to lie partly alongside of each 
other, while the ball ends are kept vertically over each other. Above 
the cartridges in the case is a weight which can be moved up and down 
bya thumb piece. By the action of the hand pressing on the thumb 
piece any desired pressure, regulating the rapidity of feed, can be given 
to the cartridges. Each straight feed case contains forty cartridges. 

The Gatling is at the present time, June, 1880, the favorite machine 
gun of the world; more generally adopted as a service weapon, better 
proved by service, and more highly recommended by eminent military 
authorities than any other. 
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It has the only truly revolving system, and provides continuity of 
fire with a rapidity double that of any other gun. ‘Taking into con- 
sideration the daté of its invention, the late improvements in its con- 
struction, the excellence of its manufacture and the ability of the 
people who have it in charge to make required improvements, there 
seem to be good grounds for the assertion of its ardent admirers that 
as a musket calibre gun “it was the first, is the last, and always will 
be the best’; certainly good grounds for all the assertion except the 
part comprehending futurity. It is the only continuously firing gun 
that gives an appreciable time for a “ hang fire” cartridge to explode 
while holding it firmly in the chamber of the barrel. 


The French Mitrailleuse. 


The French mitrailleuse is composed of twenty-five barrels, fixed 
in five layers, one above the other; the whole surrounded with a 
bronze casing, so as to give it the appearance of a field gun. 

This casing is prolonged to the rear, when it forms a box open at 
the top, in which the loading apparatus is moved backwards and for- 
wards by means of a screw placed in prolongation of the medial line. 

The loading apparatus is composed of two parts, viz., 1st, a cart- 
ridge plate, with twenty-five holes corresponding to the barrels, and 
in which the cartridges are placed ; 2d, a firing arrangement which 
contains twenty-five locks, each composed of a piston and a spiral spring. 

In loading, the cartridge plate and the firing arrangement are 
carried forward by the screw, during which operation the cartridges 
are partly pushed into the barrels; the pistons being brought up by 
a closing disc, which also produces the cocking of the piece. 

This closing dise has twenty-five holes, and can, by means of a 
lever handle fixed to the right side of the piece, be drawn sufficiently 
to the side to allow the pistons to pass though the corresponding 
holes, and so to ignite the cartridges. The number of rounds which 
van be habitually fired with this mitrailleuse is only one hundred to 
one hundred and fifty per minute. 

Its service is laborious, and it easily gets out of order. It is also 
possible for the cartridges to be fired before the breech arrangement 
is properly closed—a very serious defect. 


The Montigny Gun. 


This gun resembles the French in general principles, but differs 
from it in the following details: 
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It is furnished with thirty-seven barrels instead of twenty-five, 
and the screw by means of which the loading apparatus is brought 
into play is replaced by a lever moving in the same vertical plane as 
the medial line. 

‘The handle which gives rotation to the closing disc of the “ pistons 
and strikers” is also replaced by a long lever, which moves on the 
right side of the piece, parallel to the preceding one. 

This mitrailleuse has fired as many as three hundred and fifty to 
four hundred rounds per minute. Under ordinary circumstances, 
however, this rate cannot be expected. We may take its normal rate 
of fire as about two hundred rounds per minute. 

The construction appears simple, but it is really somewhat com- 
plicated, the mechanism being composed of a number of parts. Not- 
withstanding these defects, it is solid, and not easily liable to get out 
of order. 

The Palmerantz Gun. 


A Swedish invention brought out in 1871 by the person whose name 
it bears. 

The system consists of a rectangular frame of cast iron, the sides 
of which are connected by three plates or transoms. ‘The frame is 
furnished with{trunnions, and is capable also of lateral movement on 
we pivot. 

‘The ten barrels are placed side by side in a frame, their muzzle 
ends passing through the front transom, while the breech ends are 
screwed into the middle transom. 

Between this middle transom and the rear one there is a parallelo- 
piped box, containing the mechanism, which is capable of movement 
backwards or forwards. 

In it are ten pistons or plungers, corresponding to the barrels. 
These are of steel, pierced with a channel in which a needle or striker 
moves freely, and are furnished with an extractor on the right side. 

Behind each plunger isacylindrical cock of steel, with a projecting 
tenon underneath ; and behind the cock, again, a strong spiral spring. 

The “carrier,” or feeder, is a plate of copper, having ten longitu- 
dinal holes for the cartridge cases to drop through when extracted, 
wnd a similar number of strips on which to carry the cartridges when 
loading. It is capable of a slight lateral motion, which is given by a 
forked arm pivoting freely on the motive axis, and moved to the right 
or left by a projection on the under surface of the lock. 
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The carrier is supplied with cartridges by a magazine in the shape 
of a parallelopiped box having ten vertical divisions, each of which 
holds twenty-five cartridges. Grooves are ent in the sides of the 
divisions at the rear, for the projecting part of the base of the cart- 
ridge to slide in. The magazine has a movable bottom, with ten 
rectangular holes, through which the cartridges drop on to the car- 
rier ten at a time. 

The carriage is of iron, consisting of two brackets, on the upper 
part of which is secured a horizontal plate of iron in which the pivot 
of the gun frame works. 

The Feldl Gun 

was the invention of a citizen of Augsburg, from whom it takes 
its name. It appeared in 1869, and was put in the field by the 
Bavarians in 1870, in two batteries of four guns each. It consisted 
of four parallel barrels rifled upon the Werder system, revolving with 
the breech mechanism by the action of acrank. An oscillating 
fixture spread the fire over an are of 28°. The writer has been 
unable to obtain a description of the gun in detail, but from the 
date of its appearance and the main features of the system it would 
seem that it is an inefficient revolving system, continuous fire gun; 
in short, a failure at an attempt to imitate the Gatling. 


The Agar Gun. 


An English invention, appearing about 1869. It has a single 
stationary barrel screwed into a stationary breech-piece. ‘The func- 
tion of the breech mechanism, operated by a crank or lever, is to 
receive the charges in succession from the feed device, load therm 
into the chamber, fire them, and extract the empty shells. This 
gun has never seen service. 

The Claxton Gun. 


Invented in 1868 by Colonel Claxton, an English officer, after he 
had seen the Gatling. It consists of 8, 10, or 20 barrels, to be fired 
in pairs by the action of a reciprocating motion, or rocking lever. 
A few of these guns saw service with the army of General Faidherbe 
in the Franco-German war, but the record they made was not 
greatly to their credit. 

The Nobel Gun ( 80 called). 


This is a modification of the old Gatling: it is in fact the Gatling 
with the centre feed and rear crank as applied by Mr. Nobel, the 
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manufacturer of the Gatling in Russia, and as now used by the 
Gatling Gun Company. 


The Farwell Gun. 


Appeared in 1876. It consists of ten barrels held by a frame ina 
horizontal plane, the whole capable of a lateral motion imparted by 
the action of an oscillator. Its back mechanism is operated bya 
crank. The cartridges are received, from magazines somewhat sim- 
ilar to those of the Palmcrantz, by the double-jawed receivers, which 
close as the locks push the cartridges into the chambers and open as 
the extractor draws out the empty shell, allowing it to fall through 
them. It is a continuous-fire gun, very complicated in design, and 
has never, within the writer's knowledge, successfully passed the 
ordeal of trial. 


The Lowell Gun. 


Appeared in 1876. It is the invention of Mr. Farrington, of the 
United States Cartridge Company, Lowell, Mass., and is of the single 
barrel type. The gun, as made, has four barrels, in order to change 
a heated for a conl one ; an operation that is performed by revolving 
the heated one out of the way and bringing the cool barrel into the 
firing position by hand. A few of the guns have been acquired for 
trial in the United States army and navy. 

The system is composed of two distinct parts, viz. the barrels, 
with their disks and trunnions, and the frame and breech, contain- 
ing themechanism. The barrels—generally four, although a greater 
number may be used—are mounted between two supporting disks, 
arranged to revolve in rings. The ring at center of barrels is 
provided with trunnions, which work in the frame connecting the 
barrels with breech mechanism. The rear ring and inclosed disk, 
when the barrels are in position, lock with the frame. By this 
arrangement of the barrels they can be disconnected from the breech 
and tilted up, allowing them to be readily inspected or cleaned ; also 
facilitating the extraction of any obstruction. One of the peculiar 
features of this gun is that the firing is contined to one barrel at a 
time, requiring but one lock. This barrel is used until heated, dis- 
abled, or clogged, when it is rotated aside by a simple lever movement 
and another brought into place, and this can be done quickly and 
without shutting off the feed. The upper barrel being the one fired, 
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it is always in sight of the operator, and any damage to it, such as 
bulging or bursting, can be readily detected and its use in subsequent 
firings avoided. 

The breech mechanism is contained in a housing of brass, the 
lower half of which is securely bolted to the connecting frame, the 
cover or upper half being secured to it by hinges on the left side and 
on the right by catches when closed. The cover is in two parts, so 
that the whole breech mechanism can be exposed, or only that part 
of it which receives the cartridges from the feeding-tube. The 
advantage of this arrangement is apparent. In about fifteen seconds 
the cover can be thrown open, and the working parts, which occupy 
but little space and are exceedingly simple and strong, can be 
removed and replaced without tools by any man of ordinary capacity. 
The principal parts of the breech mechanism are, the crank-shaft and 
worm for rotating feed or carrier rolls; the “lock-plunger” with its 
firing-pin, firing-pin spring, and two extractors; two carrier-rolls and 
shafts with gearing, and the feeding-tube. The crank works from the 
rear, and for purposes of drill or exercise the machinery can be reversed 
without change. The lock-plunger has two strong extractors opera- 
ting positively and not depending upon springs. These extractors 
grasp the cartridge-shell on opposite sides and remain locked until 
the shell is fully withdrawn. The firing-pin has an elongation 
pointing downward which, as the worm rotates, is forced back by a 
cam on the worm, compressing the spring. The moment the firing- 
pin is released, it strikes the primer of cartridge and discharge takes 
place. The carrier-rolls are simply two cogged wheels, revolving ix 
opposite directions, and so arranged as to receive between their teeth 
the cartridges delivered from the feeding tube; the rolls carry the 
cartridges between plunger and chamber of barrel, receive the fired 
shell, and by further movement of crank, force the shells to fall to 
the ground. One entire revolution of the crank fires and extracts 
three cartridges. The feeding tube consists of an upright brass tube, 
firmly set in a socket directly over the carrier-rolls ; it can be removed, 
if necessary, by loosening a set screw at its lower end. This tube has 
a slot on its forward side, extending its whole length, of a width 
slightly greater than the diameter of the cartridge. It is also slotted 
on its interior to receive the head of the cartridge, being slightly 
trumpet-shaped at its top to facilitate the introduction of the cart- 
ridge. It will hold about thirty cartridges. In the socket which 
holds the feeder is a stop with a milled head, normally held back by 
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a spiral spring that allows the cartridge to fall. Should it be 
devicable to stop the feed, the operator pushes in this “ stop,” turn- 
ing it slightly to the left, it being held in that position by a small 
pin entering a slot. There are also provided for service with the 
gun feed-cases of tin, holding seventeen cartridges each; the cages 
wre made by simply turning a piece of tin about one inch wide so as 
to hold the heads of ‘the cartridges by their flange; pieces of steel 
bent over the ends of the case and soldered to it hold the cartridges 
in place. 

By pla¢ing the case in “ feeder” and pressing on the top cartridge, 
the steel spring is forced back, and cartridges drop into place. 

The traversing motion is given by means of an eccentric, the shaft 
of which is connected by a worm and gearing to the crank-shaft. 
The eccentric is so arranged that the amount of traverse can be 
regulated from 0 in degrees upward by the person operating the gun, 
who can spread or reduce the space covered by his fire according as 
the object approaches or recedes, increases or diminishes its front, 
and this without stopping the fire. 


The Taylor Gun. 


This invention of Mr. J. P. Taylor, of Tennessee, appeared in its 
present form in May, 1878, when it was given a trial by the United 
States army ordnance authorities, a trial which resulted in the 
favorable mention of the gun, but which at the same time showed its 
weakness in feeding as compared with the better perfected machine 
guns. 

It consists of five barrels arranged in a horizontal plane, and 
together with the breech casing, held in place by an iron frame. The 
feeding device consists of five flanged ways, one for each barrel, each 
somewhat similar to the single feed tube of the Lowell gun. The 
ammunition is packed in square straw-board boxes, containing 
twenty-five cartridges each, and is fed by the flanged ways directly 
from the packing boxes. The function of the crank operated breech 
mechanism is to receive the charges from the flanged ways by opening 
feed-valves, to load them into the chambers in succession and fire them. 

It is a continuous fire gun, and is fitted with the usual oscillator. 


The Nordenfelt Gun. 


This gun is the Palmecrantz modified and improved, at present 
manufactured by Mr. Nordenfelt, in Engiand. In that country and 
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generally on the eastern side of the Atlantic it is held in high favor, 
both as a musket calibre /ailer and as a machine cannon with barrels 
of 1” and 1.5” calibre throwing shell and solid steel projectiles. 

In using the heavier calibre guns two disastrous accidents have 
occurred on board of British ships, but it is now claimed by Mr. 
Nordenfelt that the the defects that rendered these accidents possible 
have been eliminated from the system. ; 


The Gardner Gun 


Appeared in 1875, and was given a trial at the Washington Navy 
Yard in the latter part of 1876, when it showed many excellences 
and a few defects; these last, mostly in connection with the extrac- 
tion, have since been remedied by the present owners of the gun, 
Messrs. Pratt & Whitney, of Hartford, Conn. A board of United 
States army ordnance officers convened to test it reported, on 


March 17, 1880, as follows: 


The Gardner gun consists of two breech-loading rifled barrels, calibre .45, 
chambered for the service cartridge, placed horizontally and parallel, 1.4 inches 
apart, which with the working mechanism are enclosed in brass casing. By one 
complete turn of the hand-crank both barrels are loaded, fired, and the shells 
ejected. The barrels are held in position by rear and front barrel rings pinned 
tothe case. ‘The casing extends sufficiently from the rear barrel ring to contain 
the lock mechanism, together with the driving crank and safety stop. A swinging 
cover, hinged immediately over the rear barrel ring, gives easy access to all 
working parts of the gun in case of defective cartridges, derangement of locks, 
or other accident. The cover when closed is secured in position by a few turns 
of the cascable, which for that purpose has a screw-thread cut on its neck or 
stem entering the rear of the case. The hand-crank that operates the gun is 
pinned fast to the main crank, which is supported by journal boxes. The boxes 
are locked into the rear case, and serve as a protection to the swinging cover 
from side thrusts. The body of the main crank is circular, having journals or 
crank-pins for operating the locks diametrically opposite each other—the firing 
being alternate—and eccentric enough to give the required motion to the locks 
as they are moved forward and back, driving in cartridges and withdrawing 
shells. The outer portion of the crank-pins or journals are flattened to the circle 
of the periphery of the main crank for the purpose of holding the lock stationary 
while firing, about one-fifth part of the revolution of hand-crank, allowing time 
for hang-fires. rhe lock in form resembles the letter U, having an extension 
from its side, which contains the firing-pin, main (spiral) sector or spring 
compressor, sector sleeve, extractor, and lock-head. The U part of the lock tha: 
works under and around the crank-pin is curved at the inner front to corres 
pond with the outer circle of the crank, the office of the curved front being to 
bold the lock in position for firing. The circular firing-pin is flattened a portion 
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of its length near the front end, to allow it to pass under the extractor, by which 
it is held in position. It extends from the head of the lock through the maip 
spring and sector sleeve, terminating in a flange or head for locking into the gear. 
The sear, having the form of a bell-crank, pivoted in the center to the lock, holds 
the firing-pin securely and prevents its forward motion until it is released from 
its hold by the action of the crank-journal when the lock is in its extreme 
forward position. 

The sector or spring-compressor, hinged in a recess of the lock and engaging 
by means of gear-teeth with the sector sleeve, has its arm forced against the 
safety-stop as the main crank advances, thus compressing, through the medium 
of the sector-sleeve, the main spring and holding it tense until released by 
action of the sear. 

The lock-heads serve as breech-plugs, and receive the recoil when the cart- 
ridges are fired. Each lock carries a hook extractor, which rides over and catches 
the flange of the cartridge when the lock is forced forward, and when the lock 
retreats withdraws the empty shell until it comes within reach of the ejector, by 
which it is positively thrown out. The shell starters have a positive movement 
in connection with the lock-head. Should the cartridge be driven by the 
extractor into the barrel to its head (as is the case when the gun is worked 
rapidly) before the lock is in firing position, it is forced from the chamber by 
the shell-starter as the lock ‘advances and is held long enough for the extractor 
to engage with the head, when the lock, extractor, and cartridge are driven 
home together. 

The ejectors, hinged to the case, are driven by projections on the sides of the 
locks which give them lateral movements to eject the cmpty shells, or full cart- 
ridges in case of miss-fires. They also serve as stops to prevent the cartridges 
from falling through the perforated plate as they are forced down through the 
feed valve. 

The perforated plate extending across the rear case, to which it is fastened by 
a pin, has two parallel semicircular grooves, which are enlarged eztensiors of 
the chambers in the barrels. From the back part of the groove slots large 
enough to pass freely the cartridge (being wider at the rear behind the ejector 
than at the front) are cut downward through the plate. When the retractor has 
drawn the shell back nearly to the extent of the throw of the crank the ejector 
forces the shel] through the slot, and is then in position to receive another 
cartridge from the feed plate or valve. The feed valve, attached to the swing- 
ing cover, has a reciprocating motion across the perforated plate. It has two 
angular openings of the size and shape of the outline of the cartridge, with 
centers equidistant with centers of the barrels. After a cartridge has dropped 
one-half its diametei into the valve it is forced by the action of the atter into 
its true position and held positively against the cartridge support. When the 
valve is again moved back the cartridge is forced downward into the perforated 
plate and the column of cartridges is cut off in the swinging-cover feed ways, 
which are extensions of the feed guide that is located above and in line with 
the perforated plate. 

The feed valve is driven by the feed plate lever. This also is attached to the 
swinging cover and is operated by the locks, using about one-eighth the stroke 
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of thevcrank in its forward motion, thereby giving the valve time to hold both 
cartridge and shell down in position as they move in and out from the barrel. 
The feed guide is a simple plate, having two parallel T-grooves extending from 
end to end, their centers equidistant with the centers of the barrels. The upper 
end of the guide has a trumpet-shaped mouth, to facilitate the entrance of the 
cartridge heads. The lower end is provided with a cartridge stop, which lifts 
all cartridges contained in the guide when it is taken out from the swinging 
eover by which it is supported. The guide is held fast in firing position by a 
spring catch. It can be quicky released by drawing back the spring catch by 
pressure on its exposed arm. In placing the guide in position the spring catch 
becomes self-acting. These operations require but one hand, leaving the other 
free to place the safety-stop arm in position. The safety stop is an oblong block 
having an angular face, against which the arm of the sector in the lock may 
engage when the locks are moved forward by the crank. - It is held in position 
by two links, which are moved by an arm that is pinned fast to a shaft passing 
through the rear case, to the outerend of which is pinned the stop-arm. This 
arm is constructed in the form of a hand-crank, having a stop spindle placed in 
its handle, behind the shoulder of which is placed a spiral spring that forces 
the spindle out from the arm into the stop-holes, two in number, in the rear 
case. When the stop spindle is in the upper hole the arm is tn line with barrels, 
the safety stop is thrown within reach of the sector arm, by which the main 
springs are compressed, and the gun is in firing positien. When the spindle is 
in the lower hole the stop is carried forward out of the way of the sector arm, 
and in no case can the springs be compressed while the safevy arm is down. 

The cartridges are contained in perforated wooder. blocks (holding twenty 
each), channeled on the sides for receiving the fitted tin covers in the manner 
adapted to the Gardner gun. ‘The cartridges thus arranged are simply and 
readily conveyed through the feed guider to the gun, and as the block is emptied 
before the cartridges previously inserted are expended a continuous fire can be 
sustained. 

In the service of the gun three men are required ; one at the lever and turning 
the crank, one inserting and withdrawing the cartridge blocks, the other in 
passing cartridges, properly fitted in their blocks. 


Reaults of Firing. 


Twenty cartridges, fired for the purpose, gave an average initial velocity of 
1280 feet. A test for rapidity of fire gave an average of 357 per minut 
The target firing at targets of spruce boards, 11x52 feet, resulted as follows 
At 200 yards, 95.20 per cent. of hits. 
At 500 yards, 92.20 per cent. of hits. 
At 10900 yards, 52 per cent. of hits. 


Recommendation. 


The trials of this gun at Sandy Hook having shown it to be one of simple 
construction, easily manipulated, and of sure action (though of less rapidi y of 
fire than any other machine guns heretofore tested by the Board), and in view 
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of the fact that its cost, fora machine gun, willbe »%mparatively light, the’Boar 
would recommend the purchase by the Department of a limited number for 
actual trial in service, as compared to other machine guns now in the hands of 


troops. 


The Hotchkiss Revolving Cannon. 


The invention of Mr. B. B. Hotchkiss, an American located jn 
Paris, appeared in 1874. Since that time it has been modified and 
improved, and is to-day the favorite machine cannon of the United 
States and of France. It has been adopted by the latter country as 
a service arm afloat and ashore, and by the Bureau of United States 
Naval Ordnance as a part of the machine gun armament of the navy. 
As the gun first appeared it was adapted to fire 1.5 |b. projectiles, 
but within the past year the system has been found capable of being 
applied to heavier calibres, and the inventor has demonstrated the 
practicability of a 4-pounder machine cannon, good against ordinary 
merchant steamers at three thousand metres. Owing to its lack of 
preponderance and recoil the gun can, by means of a shoulder-piece 
lever, be kept bearing upon a moving object, and is therefore especially 
adapted to work against torpedo boats, while at the same time fulfil- 
ling the other duties of the naval machine gun. 


THE GENERAL SYSTEM. 


The Hotchkiss revolving cannon cannot be classed with mitrail- 
leuses in the ordinary sense of the latter term, as explosive shells are 
fired with the former, and it has a range equal t« that of a field- 
artillery. 

The system of this gun may be explained as follows: 

Five barrels, grouped around a common axis, are revolved in front 
of a solid breech-block, which has in one part an opening to intro- 
duce the cartridges, and another opening through which to extract 
the empty shells, while the cartridges are fired after being revolved 
und while motionless in front of the solid portion of the breech. 

The exterior aspect of this revolving cannon resembles the Gatling 
mitrailleuse, it being, on the other hand, entirely different in its 
interior mechanism. 

The system is composed of two distinct parts, viz. the barrels with 
their disks and shaft, and the frame and breech containing the 
mechanism. 

The five barrels, made of the finest oil-tempered cast steel, are 
mounted around a common axis, between two disks, on a central 
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shaft The series of barrels are in this way placed in a rectangular 
frame, Which is attached to the breech, the near end of the shaft 
penetrating the same to receive the rotary motion from the driving- 
gear. 

The breech itself is composed of a solid cast-iron breech-block, 
weighing about 386 pounds, This absorbs the greater part of the 
recoil. It has a door at the rear end, which can be easily opened, so 
that the mechanism is freely accessible, and can, if necessary, be 
dismounted and put back into its place in a few minutes, without 
the aid of any special tools. 

A peculiar feature of this gun consists in the barrels remaining 
still during the discharge, so that there is no movement of any kind 
to impede the accuracy of the fire. This stop or lost motion is 
obtained by the shape of the driving-worm, which is so constructed 
that the inclined driving-thread only covers half its circumference, 
the other half of the thread being straight. ‘he effect of this is 
that the barrels only revolve during half a revolution of the worm, 
and stand still during the other half revolution. The combination 
of the mechanism is so arranged that the loading, firing, and extract- 
ing take place during this pause. This feature is of great import- 
ance for the accuracy of fire and the durability of the system. 

The worm-shaft projects through the breech on the right side, and 
has a crank with which the whole system is moved; on the left side 
of the worm-shaft a small crank is attached, by which the loading 
and extraction of the cartridge-shells is effected in the following 
manner : 

On the interior face of the left side of the breech a cog-wheel is 
mounted, with two horizontal racks, the one being placed above the 
other under this cog-wheel, and parallel to the axis of the barrels, so 
that in moving one of these racks the other is moved by the cog- 
wheel in the opposite direction. Part of the lower rack forms a 
vertical slot, in which the small crank on the left side of the worm- 
shaft works. The rotation of the latter consequently gives an alter- 
nating and opposite movement to the two racks, so that while the 
one is going forward the other moves back, and reciprocally. 

The under rack forms the extractor; the upper one moves a piston 
which drives the cartridge into the barrels, the cartridge being placed 
before the piston, in the trough in which it moves; and during the 
time the barrels are motionless it is introduced into the one standing 
before the trough. he cartridge is not “driven home” entirely, 
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but its head is in view of an inclined plane, cut into the metal of the 
breech, on which it slides when it is moved by the rotation of the 
barrels. This completes the introduction of the cartridge into its 
chamber. The piston itself is a simple cylinder connected with the 
rack, and running in a slot in the conducting-trough. 

When the racks are in their extreme positions they remain stil] q 
moment. This stop is obtained by giving the slot in its centre part 
a circular shape concentrically to the shaft of the crank. This ig 
necessary, because at the moment of the barrels arriving at the end 
of their course the head of the cartridge-case becomes engaged in the 
hooks of the extractor, which would not be possible if it were in 
motion at the time. 

The extractor is a large double hook at the end of the bottom rack: 
it is very solid, and its proper working is certain under all circumstances, 

After the cartridge is extracted from the barrel it strikes against 
an ejector, which pushes it out of the extractor, and it falls to the 
ground through an opening in the under part of the breech. The 
firing-pin has an elongation, pointing downward, which, by the opera- 
tion of a spring, is pressed against a cam on the worm, and as the 
worm rotates, the cam drives the firing-pin back and compresses the 
spring. The moment the firing-pin becomes liberated, it strikes the 
primer of the cartridge and the discharge takes place. 

To obviate the difficulties which exist in other systems, when the 
cartridges are piled one upon the other, the opening of the intro- 
duction-trough is closed by a little door, which goes down by the 
weight of the cartridges, the first of which drops into the trough, 
and the piston, in moving forward, raises the door and allows no 
more cartridges to enter until the proper time. 

All parts of the mechanism are very strong and durable, and 
hardly exceed in number those of an ordinary small-arm, there being, 
besides the group of barrels, thirteen parts, viz: 

1, 2. The breech-block, with its door for closing the rear end. 

3, 4 
small crank for working the loader and extractor. 


, 5. The crank-shaft, with its worm for moving the barrels, and 


6. The crank. 

x aa : ' , 

7, 8. The firing-pin and spiral spring. 

9. The extractor. 

10, 11. The loading-piston and rack for moving it. 

12. ‘The cog-wheel for transmitting the movement of the extractor 
to the loading piston. 

13. The door for regulating the feed of cartridges. 
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The Gatling Machine Cannon. 


This invention of Dr. Gatling has not been completely worked 
out. It consists of a single barrel of 1.45” calibre, firmly screwed 
into a solid gun-metal breech casing containing the mechanism that 
receives the charges from the feeding device, loads and fires. 

At present, June, 1880, the weight of evidence goes to show that 
the Gatling musket calibre gun leads the van among the hailers, 
with the Gardner and the Nordenfelt close in its wake. Among 
machine cannon the Hotchkiss leads, with the Nordenfelt taking the 
second place. 


HARTFORD, COoNN., June 1, 1°80, 


Since this paper was prepared in June, 1880, the American Im- 
proved Gardner, manufactured by the Pratt and Whitney Company, 
of Hartford, has shown many excellences in an official trial at the 
Washington Navy Yard. 

Its chief merits consist in certainty of feed, in requiring but light 
power on crank, and in its ability to work up to full power. from 
ammunition stowed in ordinary pasteboard factory packages. The 
fixed barrels give very good results in accurate shooting at the longer 
ranges. Its rapidity is about one half that of the ten-barrel Gatling for 
a single minute, but this difference in rapidity decreases when the 
fire is continued for several minutes without relieving the crankman 
on account of the easier working of the Improved Gardner Crank. 
For use aboard ship against torpedo boats’ crews or the exposed 
personnel on an enemy's decks, where the rapidity of fire is the chief 
desideratum and transportation of ammunition of secondary impor- 
tance, its comparative slowness of fire makes it compare unfavorably 
with the Gatling. For shore work and in the field generally where 
transportation is the main problem to solve, and where perhaps five 
hundred rounds per minute is sufficiently rapid firing for practice 
against personnel and animals, its lightness, easy working and cer- 
tainty of feed make it compare very favorably with the Gatling. 


Nore.—In preparing this article the writer has consulted and freely extracted 
from the Ordnance Reports of the United States Army and Navy, of England 
and of Sweden, from the writings of Maj. Genl. W. B. Franklin (late U. 8. A.), 
Dr. R. J. Gatling, Lieut. Comd’r Wm. M. Folger, U. 8. N., Capt. J. F. Owen, 
R.A., Major Fosburg, V. C., Bengal Staff Corps, Col. Fletcher, Scot's Fusilier 
Guards, from the Journal of the Royal United Service Institution, and from the 
Revue d’Artilierie. French official reports were not attainable. 
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In the design of the model of the arm as at present constructed, 
more attention seems to have been paid to the preparation for with- 
standing of severe tests than to the development of the particular 
merits of thesystem. ‘Lhis is apparent in the weight of the case, 
which is two-thirds that of the entire arm. The gun with twenty- 
six inch barrels weighs one hundred and twenty pounds; the Nayy 
Gatling with twenty-four inch barrels weighs one hundred and cighty 
pounds. ‘l'o the writer it would appear a simple matter to so model 
the piece that the weight should not exceed ninety pounds when 
thirty-two inch barrels were used. Such an arm provided witha 
light and firm mount might be convenient in tops, on poops and on 
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forecastles, for a sort of machine gun sharpshooting; while ashore, 


* 


where every pound of gun dragged takes a pound from the ammuni- 
tion transporting capacity of the crew, it would be admirable. 

It seems curious that the gun has never been developed in this 
direction, if not for naval uses, for use on pack animals with mounted 
shore troops, but it never has and perhaps never will be. Even in its 
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present condition it is recommended for mountain service by Captain 
Jocelyn, R. A., in the R. A. Prize Essay for i881. This arm is now 
named the Field Duplex Machine Gun. 

When there is but one musket calibre machine gun per ship, itis 
evident that that gun must be efficient for all naval uses, aloft, on 
deck, in boats and ashore, and the short navy Gatling was designed 
to fulfil these various duties as nearly as may be. In order to allow 
the storage of ammunition in bulk when the gun was landed, the 
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Bureau of Ordnance adopted a feeder by means of which cartridges 
can be fed to the piece froin any pasteboard package of which the 
cover is removable—like those used by the Union, Winchester and 
United States Cartridge Companies—by entering one row at a time. 
This single way feeder was not entirely satisfactory at the time of its 
adoption in 1880; since that time a device for feeding both rows of 
cartridges to the gun has appeared, called the Bruce feeder. The 
Gatling Gun Company is now engaged in perfecting it with fair 
prospects of success. ' 

If not eniirely successful upon the gun ashore, this feeder will be 
very convenient for filling cases aboard ship, since with it two men 
can fill as rapidly as ten without it. Two other feeds are being 
experimented with, but it is very doubtful if anything better than 
the feed case will be developed for volley firing. 

The MeLean guns have had an exhibition at theWashington Navy 
Yard, in which they seemed to show that they were impracticable. 
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It is never safe to assert that any invention is entirely worthless, but 
it is difficult to comprehend how, with the principles embodied in it, 
there can be anything of value in the McLean system of machine guns. 

The result of the trials of four competing musket calibre machine 
gun systems at Shoeburyness last winter puts the Nordenfelt and 
English Gardner ahead, and the Gatling and Amer: Gardner 
astern, from the English standpoint. : 

But it should be borne in mind that in these trials some of the 
more important features of machine gun systems were put aside or 
lost sight of. 

There was no question of mobility of piece or transportation of 
ammunition, while the penetration, velocity and range tests showed 
absolutely nothing as regards the compurative merits of the systems ; 
for it is evident that these must be the same when the same barrels 
and ammunition are used, provided the breech mechanism furnishes 
a good gas check, without which it is hardly worth while to consider 
a system at all. In these trials the American Gardner system was 
heavily handicapped by being put into a four-barrelled gun instead 
of a two-barrelled one, for which it is designed, by having short 
barrels, by having no experts to serve it, and by asingular growth in 
the size of the chambers, which it is claimed was the cause of an 
otherwise unaccountable failure in extraction. 

The Gatling system was unfortunate in not going to trial in a gun 
with a removable crank, which would have allowed the same piece 
to show rapidity and accuracy, and in either a mistake in chamber 
sizing or in singularly bad luck in the matter of strength of heads of 
the cartridges fed to it. 

In this country but little is being done toward preducing machine 
cannon. ‘The single barrelled 1.45” calibre anti-torpedo boat Gatling 
after a trial at Sandy Hook has received favorable mention from the 
Army Light Artillery Board; and the Lowell Gun Company has in 
wooden model an 1” calibre gun. 

In England renewed competitive trials between the Hotchkiss and 
Nordenfelt machine cannon are spoken of as about to take place. 

France, after proving its exceilences in ‘Tunis, is largely increasing 
her Hotchkiss revolying cannon armament, and several other 
countries are following in her wake. 

Germany has adopted the Hotchkiss for her machine cannon arma- 
ment. 


NOVEMBER 10, 1801. 
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NAVAL INSTITUTE, ANNAPOLIS, MD. 
DECEMBER 8, 1881. 


Lieut.-COMMANDER C. M. Tuomas, U. S. N., in the Chair. 


A MODIFIED MONITOR, WITH A NEW METHOD OF 
MOUNTING AND WORKING THE GUNS. 


By Ensian W. I. CuamsBers, U. 8. N. 


The following paper contains a description of (A) a method of 
mounting and working heavy guns in small turrets, as invented by 
myself, and (B) a vessel having the same displacement and general 
dimensions as the U. 8S. 8. Miantonomoh, fitted with the turret and 
apparatus described. 

A. 

The idea of a mixed battery of large and smail guns and other 
offensive weapons for an ironclad of the monitor type, is the ground- 
work of my plan. Plate I represents a turret whose interior 
diameter is the same as that of the Miantonomoh, 21'1”, with the 
armor increased in thickness by 5” of steel; mounting one 71-ton 
15.6" Krupp breech-loader and two 10” B. L. rifles on the Krupp 
system, both modified as hereinafter specified. The turret (see plan) 
is divided into three separate compartments by four iron bulkheads 
ee, which serve the double purpose of separating each of the guna, 
with its apparatus and gunners, from the others and binding the 
parts of the turret in a strong, compact manner. By thus mounting 
the heavy gun directly on a diameter ef the turret, we reduce the 
size of the port to a minimum without the aid of muzzle pivoting, 
which, for so large a gun in such a small turret, would be rather a 
difficult and undesirable matter. The two smaller guns, however, 
are necessarily so fitted as to pivot in the port ; all can be loaded from 
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below by hydraulic machinery, with the turret in any position, and 
the two directing heads of the ship and guns are stationed in the two 
compartments at the sides entirely protected by the best portion of the 
turret armor itself, and communicating with all parts of the ship by 
turret indicators, or voice tubes. 

The turret is not designed to be lifted; it is supported by the 
rollers a, which have other friction rollers for their axles and frus- 
tums to revolve upon, so arranged as to be readily removed or replaced 
singly at any time; and by the spindle 4, which is hollow to admit 
of a steam pipe and wires. This spindle rests 6n two long wedges 
d in the bed casting, by means of which an equal strain can always 
be brought upon the supports of the turret. Wobbling motion of 
the turret is prevented by the small steel spheres e, which are placed 
between the outer edge of the turret and the inner edge of the glacis, 
and water is prevented from getting below in any quantity by the 
rubber gasket /. 

Each compartment contains a pump of the Worthington, Blake, 
or other suitable pattern, supplied with steam by the pipe g, and 
exhausting into the tanks A, if water be the fluid used; and these 
pumps operate by means of hydraulic rams all the functions of the 
gun gear. In order to allow one trustworthy man to control each 
function, I have placed a three-way valve i and four-way valve 7’ in 
connection with the pumps, by means of which the stream may be 
directed either to elevating, running out, opening the breech, or load- 
ing. The recoil-check and running out gear is for each gun a pair of 
cylinders and pistons 77’, directly in rear of the trunnions and sup- 
ported by the iron or steel box girders & k’, which, in the case of the 
large gun, are riveted to the bulkhead c, and rest on the oak struts /. 

For the small guns these girders or slides are supported at the 
rear end by cheeks m bolted to the bulkheads, and at the front ends 
by the pistons ” of the rams 0, through which the elevation and 
depression is given to the guns, which have a preponderance of 0. 
If it should be considered that additional apparatus would be neces- 
sary for this function, it can be fitted to act in conjunction with these 
rams upon the breech of the gun, but I think it would unnecessarily 

complicate the machinery. Having in mind the possibility of a 
shot knocking off the muzzles of these smaller guns, I have located 
the guide-beams p, which would probably admit of the gun being 
worked with its muzzle gone. Elevation or depression is given to 
the large gun by the side rails v, shown in dotted lines, pivoted to 
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the slides at w, which support the breech of the gun through the 
two composition trucks z attached to it. The front ends of these 
rails are supported by the first joint of the pistons of the rams y, by 
which they receive their vertical movement. 

When the gun is discharged, the pistons in the recoi! cylinders 
force the water through the pipes qq’, into the air chambers r 7’, 
which, communicating with spring valves ss’, set to the required 
pressure for resistance by a screw nut on the levers at ¢/’, lift those 
valves and allow the water to escape through the pipes v v’, into the 
tanks, the springs always offering the required amount of resistance. 
After recoil, the gun would be run out, if necessary, by simply turn- 
ing the valve lever 7’” in the proper direction and putting on the 
pump. ‘Then, if not already in the loading position, this would be 
quickly effected by simply allowing the fluid to run out of the rams 
yy into the tank. ‘The pistons of the rams y and y are jointed 
or in sections with a spring clutch to hold them stiff when lifted to 
engage the cross-heads zz of the breech plugs. The partly curved 
rod « connecting the side rails v rests on # in loading position, so 
that the same ram that elevates can be used in lifting the breech 
plug of the large gun. When the plug is lifted, a stream of water 
from the loading rams; /’, or a jet of steam is let into the gun, 
blowing out the smoke and washing out the bore; then a thin 
cylinder of steel is pushed into the breech to guide the charge home, 
which in the meantime has been brought up to the loading position. 
The projectiles and charges, after having been placed on the truck 
carriages 30’, are hoisted from below by hydraulic lifts, then run 
upon the cars Y by which they are brought in rear of the cogged 
tracks ==’, and the cars are clamped to the turret so that they can 
revolve with it. ‘The truck cars é0’ are then run upon the tracks, 
which may be either single or double for the large gun, but single 
for the small ones, as their charge is so light that it can be carried 
by hand. 

With the turret mounted in the casemate as shown, the hydraulic 
rammer is necessarily made in two sections, as its cylinder will not 
admit a piston rod long enough to push the projectile completely 
home. When the gun is loaded, the steel cylinder can be withdrawn 
by the rammer, and the plug, which is slightly wedge-shaped, is 
settled into its seat. The elevation is then given, and an electric or 
a friction primer inserted into a vent hole in the centre of the 
bottom of the plug, which communicates at right angles with 












440 A MODIFIED MONITOR. 


another extending from it in line with the axis of the bore to the 
powder chamber. The readiness of each piece to fire is signified by 
the captain of the piece turning an indicator pointer, which at the 
same time completes the circuit, and it may then be fired by the 
oificers in the pilot-houses, either by means of electricity or by word 
of command through a voice tube. 

It is believed that the various parts of this turret can be easily 
duplicated or repaired, and that there is ample room in it to contain 
the few men necessary to work the guns. Although its dimensions 
are small, it admits of a recoil of 7’ 3” for the large gun, or nearly 
twice as much as the greatest recoil of the 100-ton Italian gun 
mounted in a similar manner at the Spezia trials, October 20, 1876. 

In order to err on the safe side, I selected the Krupp model, which 
is the longest for equal powers, and to exaggerate the unfavorable 
side of the conditions, as well as to give a breech preponderance, I 
moved the trunnions forward 10”, and yet have nearly twice the 
distance actually necessary for the recoil of the gun in this small 
turret. My modification of the Krupp breech-closing apparatus is 
probably the only style that could be used conveniently in these 
compartments, but it appears to me simpler and stronger than any 
other extant, as no screw or locking-gear is required and its Own 
weight closes the apertures. 


Advantages claimed for this Turret. 


1. Greater weight of guns for given size of turret. 
2. Separation of the guns with their attendant machinery. 
3. Facility of loading heavy guns in any position of turret. 
4. Non-liability to premature explosion of guns. 
5. Best possible protection of pilot or directing officers with least 
weight of pilot-house. 
6. Compactness and strength. 


7. Facility of repair of working parts. 

8. Smallness of gun-ports. 

The question of getting this large gun in its position in the turret 
has not been lost sight of in designing the casemate and turret. 


B. 


The light draft of the U. 8. S. Miantonomoh being extremely 
desirable for iron clads of her type and size on our coast, and 
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her calculated speed being very satisfactory, I have endeavored to 
modify the internal arrangements and armor of that vessel to suit the 
requirements of this turret and with apparent grcat advantages. For 
convenience in description, I will call the modified craft the Hia- 
watha, which, with the exception of a little longer ram and a cor- 
responding decrease in the overhang of the stern, possesses the same 
displacement tonnage and lines below L. W. L. as the completed 
Miantonomoh. 

The Hiawatha (Plate IIT) has but one turret, of compound armor 
15” in thickness, mounted in and above a casemate of compound 
armor 17” in thickness, which encloses the working parts of the 
turret, the bases of the ssmoke-pipes, air-ducts, and the casemate 
hatchway. The smoke-pipes, or funnels, are two in number, 
elongated in section and so disposed as to allow a fire of all three 
guns directly astern with a complete view all around the horizon 
from the pilot-houses ; they are also braced by three light bulkheads 
connecting the parallel faces of each funnel for a distance of 13’ 
above the casemate. The air-ducts are telescopic and lowered when 
the guns are trained over them. ‘lhe base of the turret is protected 
above the casemate by a steel glacis 3” thick (see plate I), whose 
section is 36” at base and &” high, and the base of the casemate has 
a similar glacis of solid steel 18” by 6”. 

The water-line deck is covered with a 2” steel armor bending 
down as shown by the dotted lines at the bow and stern, and the 
side armor (see plate III, where a graphic comparison is given with 
that of the Miantonomoh) is equivalent to adding 5” of steel to the 
whole belt of the Miantonomoh’s side armor from the L. W. L. down 
to three feet below it, making 12” compound armor in place of 7” 


iron, 10” compound instead of 5’ iron, and 5” compound in place of 


3” iron. ‘The wood backing, however, has been correspondingly 
decreased in the Hiawatha to preserve the original thickness of side. 
Additional bulkheads .and compartments have been added and 
stowage capacity below the L. W. L. gained by the removal of quarters 
from below. 

A freeboard of 7° 10” is gained, as well as airy, comfortable quarters, 
by building a light superstructure of #” steel plates above the water- 
line deck. This is not intended to resist the flight of projectiles; 
and in order to temporarily stop the hole made by a projectile 
through both ways, a wedge-shaped strip of light pine planking is 


secured to the inner edges of the upright superstructure beams, and 
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